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THE RED FIR FOREST OF THE SIERRA NEVADA: 
ABIETUM MAGNIFICAE 


INTRODUCTION 


Occupying a prominent place in the subalpine for- 
ests of the southern part of the Caseade-Sierra Ne- 
vada mountain chain is the red fir, Abies magnifica.? 
This species, the largest of all American true firs, 
reaches its northern distributional limit at latitude 
43° 35’ N in the Caseade Mountains of southern Ore- 
gon. Extending southward into northern California, 
its range is divided by the northern part of the Sac- 
ramento Valley. A relatively short western arm ex- 
tends down the Coast Range at high altitudes as far 
as Lake County, California, while the much longer 
eastern extension follows the Sierra Nevada to the 
head of Poso Creek, latitude 35° 40’ N, its southern 
limit (Sudworth 1908). The species does not oceur 
east of the Sierra Nevada, its nearest approach to the 
aridity of the Great Basin being on the southeastern 
slopes of Mt. Rose in the Carson Range, a Sierran 
spur in southwestern Washoe County, Nevada. 

The red fir is pre-eminently a tree of high altitudes, 
being almost confined to the so-called subalpine zone. 
It ranges altitudinally from about 5,000 to 8,000 feet 
in northern California and Oregon and from 7,000 to 
over 9,000 feet in the southern Sierra. In general, this 
species like many others descends lower on the moist 
western slopes of the Sierra than on the drier eastern 
slopes and spurs. 

At the lower elevations of its growth in the Sierra 
Nevada, the red fir oceurs with Pinus jeffreyi, Pinus 
ponderosa, and Abies concolor. It is only a straggler 
when associated with these species typical of the alti- 
tudinally lower yellow pine forest. At its upper 
limits, the fir is associated principally with Pinus con- 
torta, Pinus albicaulis, Pinus monticola, and Tsuga 
mertensiana, although it seareely tolerates the rocky 
soil and wind-buffeting which these species endure at 
high elevations. 

Between the extremes of its altitudinal distribution, 
on relatively deep well-drained soils, the red fir forms 
extensive, almost pure stands. These old virgin forests 
of massive trees are to be found in many parts of the 
Sierra Nevada. The present relative abundance of 
undisturbed stands of the species is due in large part 
to the comparative inaccessibility of the type to lum- 
bering. The wood of the red fir, though brittle, is the 
heaviest of any species of Abies. For some uses it can 
replace that of Pinus ponderosa, the principal timber 
species of the lower slopes. As the old growth pine 
disappears through cutting, it is quite probable that 
the reasonably accessible old fir in time will be com- 
pletely utilized. This has already occurred in some 
places, notably in the Carson Range of western Ne- 
vada. On this spur of the Sierra, the large pine tim- 


2 Synonymy for arborescent species is that of Harlow and 
Harrar (1941); for shrubby and herbaceous species, Jepson 
(1925). 


ber was lumbered during the latter half of the nine- 
teenth century to supply the mine timbers and lumber 
for Virginia City, Nevada. As a result, when the 
virgin pine had disappeared from the eastern slopes 
of this range, it became profitable to cut the red fir 
forest as high as 9,500 feet. Thus most of the old red 
fir on this eastern outpost of the type has already dis- 
appeared. The slopes are now covered with an ex- 
tremely sparse second growth of red fir and white, 
lodgepole, and whitebaxk pines. Natural stocking, 
even on areas from 50 to 70 years old, has been very 
poor and the spaces between the trees are barren or 
support a patehy growth of shrubs. 

Probably most of the undisturbed mature red fir 
type will disappear eventually through eutting or fire 
and will be replaced slowly by the serubby second 
growth. Even under full protection, from 400 to 500 
years would be needed for the forest to mature to its 
present condition considering the growth rate ob- 
served from stumps on the cutover land. 

Should the type eventually disappear, a detailed so- 
ciological record of the original virgin condition 
would be particularly valuable since no quantitative 
ecological analyses of the community have ever been 
reported. To obtain such a record the following in- 
vestigations were carried on during the summer of 
1941. The viewpoint is essentially geobotanical with 
emphasis on the plant population pattern and its gen- 
eral relation to climate and geological history. 


LITERATURE 


Muir (1911), with his incomparable descriptions, 
has drawn an excellent picture of the Sierran forests 
as they appeared in the early days. His observations 
recorded during the summer of 1869 describe mag- 
nificent red fir forests in the Yosemite region. His 
notes on the composition, accompanying biota, and 
environment of this forest type provide a valuable 
record of its primeval condition. Fortunately, in most 
places, the forest appears much the same today, the 
result of inaccessibility and governmental protection. 


Pratt (1907), in a short paper, gave condensed but 
accurate silvieal information regarding the species as 
he found it in the Tahoe forest reservation. Red fir 
was then searcely used commercially, but Pratt pre- 
dicted its use in the future and showed how and why 
silvicultural practices should differ from those applied 
to white fir. 

Sudworth (1908), while not primarily concerned 
with forest types, in deseribing the habitat of Abies 
magnifica briefly summarized some of the character- 
isties of this fir community. His detailed data on the 
distribution of the species are especially valuable. 
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Smiley (1915) deseribed the red fir association as a 
characteristic feature of the Canadian zone in the 
Lake Tahoe region. His observation of the optimum 
development of the forest on the deep soil of glacial 
moraines coincides with that of Muir and that of the 
present authors. Smiley concludes, “The fir forest is 
an exclusive association, few of the other Canadian 
species entering into it, doubtless excluded by the in- 
sufficient light for seedlings.” 

Clements (1920) considered Abies magnifica as a 
dominant species in the southern extension of the 
Sierran subalpine forest, which he designated as the 
Pinus-Tsuga association. Although an Abies magnifica 
consociation was mentioned by Clements his data on 
the type are scanty and many of the shrubs and herbs 
listed are confined to the pine types. He stated that 
most of the societies have been derived from the 
montane forest or subalpine meadows, perhaps a good 
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Fig. 1. Distribution of stations and climatological relationships. 
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indication of their successional status in the wooded 
part of the subalpine zone. 


METHODS 


The region selected for study lies in the northern 
Sierra Nevada and southern Caseade ranges, from 
the southern rim of Yosemite Valley to Lassen Peak, 
approximately 220 miles airline to the northwest 
along the mountain axis. Within these extremes, 16 
stations in the red fir type were chosen for study. 
Fourteen stations were south of the Feather River in 
the Sierra Nevada but two were located on the slopes 
of Lassen Peak at the southern end of the Cascade 
Range. The stations were as evenly distributed be- 
tween the extremes as possible. Figure 1A shows the 
location of the stations in relation to the principal 
geographic features of the region. Pertinent data 
concerning the stations are listed in Table 1. 











16 Xl 


A, Location of stations; B, Average January 
temperatures; C, Average July temperatures; D, Average number of days without killing frost; E, Average warm 
season precipitation (inches) April-September, inclusive; F, Average annual precipitation (inches). B, C, D, E, F 
adapted from Sprague (1941). 
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TABLE 1. General data concerning stations. 
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Station Altitude Geological 
number Name Location Feet substratum Watershed 
1 Summit Lake | Near Summit Lake, E. slope, Mt. 6,750 Probably basalt Pit River 
| Lassen, Shasta Co., Cal. 
2 | Sulphur Works 1 mile N. of Sulphur Works, S. side | 6,800 | Probably basalt Mill Creek 
| Mt. Lassen, Tehama Co., Cal. | 
3 Onion Valley | 1 mile : of Onion Valley, Plumas | 6,300 | Tertiary andesite Feather River 
| | Co., Cal. | 
a | Pilot Peak | 2 eg of Pilot Peak, Plumas | 6,300 | Tertiary andesite Feather River 
| | ‘o., Cal. 
5 | Plumas Co. line | Johnsville-Gibsonville Rd. just E. 6,100 | Tertiary andesite | Feather River 
| | of Plumas-Sierra Co. line, Cal. | 
6 | Gold Lake | 4 mile NE. of Gold Lake, Sierra 6,500 | Glacial moraine, 
| -. Gen, Cal. | chiefly greenstone | Feather River 
| | _ and rhyolite debris 
7 | Yuba Pass es of Yuba Pass, Sierra | 6,600 | Granite Yuba River 
‘0., Cal. 
8 | Martis Peak “ of Martis Peak, Placer | 8,300 | Tertiary andesite Truckee River 
Yo., Cal. 
9 | Mt. Rose Road | About 4 miles W. summit Mt./| 8,400 | Granite Truckee River 
| Rese Rd., Washoe Co., Nev. 
10 | Echo Summit | 4 mile W. of Echo Summit, EI- | 7,300 | Glacial moraine, American River 
| dorado Co., Cal. | chiefly granitic 
| | debris 
11 | Carson Spur | About 4 miles W. of Carson Pass, | 8,100 | Tertiary andesite American River 
ies | Amador Co., Cal. 
12 | Carson Spur | About 14 mile E. of Carson Spur, | 7,850 | Tertiary andesite American River 
| No.2 | Alpine Co., Cal. 
13 | Granite Lodge | 2-3 miles W. of Lake Alpine, Al- | 8,100 | Tertiary andesite Stanislaus River 
pine-Calaveras Co. line, Cal. 
14 | Sonora Pass | 5 miles W. of Sonora Pass, Tuo- | 8,100 | Granite | Stanislaus River 
| lumne Co., Cal. 
15 Snow Flat | Near Snow Flat, Tioga Rd., Mari- | 8,600 | Granite (perhaps Merced River 
| posa Co., Cal. | some debris) 
16 | Bridal Veil Creek | 1.8 miles W. of Bridal Veil Cr., | 7,500 | Granite Merced River 


Mariposa Co., Cal. 





At all of the stations, a list of all the plant species 
present was made and notes taken on geologie, eli- 
matie, and biotie conditions affecting the life of the 
forest. At five of the stations (Nos. 4, 7, 10, 11, and 
13) quadrat studies were made for quantitative anal- 
ysis of the arborescent, frutescent, and herbaceous 
synusiae. All individual trees over two meters tall 
(or 1 inch d.b.h.) were counted, measured, and basal 
area calculated on quadrats 15 meters on a side (225 
square meters). Fifteen such quadrats were laid out 
along compass lines in three rows of five, 20 meters 
apart, at each of the five selected stations. Shrubs 
and woody reproduction were counted on fifteen 25 
square meter plots each in a corner of a larger 
quadrat. Herbs were counted in a one square meter 
plot in a corner of each of the shrub quadrats. Tree, 
shrub, and herb plots were always layed out in the 
same position relative to each other. All the data 
were analyzed for frequency, density, and presence, 
and the tree data for percentage of total basal area. 

At these same stations, soil samples were taken in 
triplicate from the upper mineral soil and from the 
organic layers above the mineral soil. The pH of 
these samples was determined in the laboratory using 
a Beckmann pH meter with a glass electrode. Loss on 
ignition in a muffle furnace (3 hours) was used as a 
measure of organie matter content. For the mineral 
soil, only the fraction under 2 mm. in diameter was 
used for the ignition samples. 


The percentages of material over 2 mm. in diameter 
and that under 2 mm. in diameter were determined on 
an air-dry basis after sieving. Mechanical analyses of 
the material under 2 mm. in diameter were made by 
the Bouyoucos hydrometer method. 


GEOLOGY,? TOPOGRAPHY, AND SOILS 


The present Sierra Nevada is the result of the up- 
lift, beginning in late Tertiary times, of a peneplained 
ancestral mountain system. A series of faults exists 
along the eastern edge of the region. The uplift has 
occurred along these faults tilting the old peneplained 
surface toward the west and southwest and rejuvenat- 
ing the streams. The result is a pronounced multiple 
escarpment on the eastern face and a long, gradual 
slope from the summit to the Sacramento and San 
Joaquin valleys on the west. The southern part of 
the Sierra is characterized by a high, narrow ridge 
of granitic rocks punctuated by sharp peaks. Toward 
the north, the summit ridge becomes lower, the peaks 
more rounded and in some eases wooded to the crest. 

The range consists principally of granitic rocks 
(granodiorite and quartz monzonite) of late Jurassie 
age capped on the higher peaks and ridges in the 
north with voleaniec rocks (andesitie tuffs, flows, and 
breccias) of the Tertiary system. 

3 The authors express their appreciation to Dr. H. E. Wheeler, 


Department of Geology, University of Nevada, for critical read- 
ing of the section on geology. 
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During the Pleistocene epoch, the range was capped 
with four successive glacial stages: McGee, Sherwin, 
Tahoe, and Tioga (Blackwelder 1931). The last men- 
tioned is the Sierran counterpart of the Wisconsin of 
central North America, the two stages occurring si- 
multaneously. The two earlier stages were very ex- 
tensive but their moraines have been so eroded as to 
make it almost impossible to set any definite lower 
altitudinal limits. The Tahoe stage extended on the 
east slope down to 5,800 feet above sea level west of 
Truckee (Blackwelder 1931) and to 4,700 feet at Big 
Pine (Knopf 1918, cited by Blackwelder 1931). On 
the western slope, the Merced Glacier of the Tahoe 
stage terminated near Bridal Veil Falls at an altitude 
of 3,900 feet. The Tioga or most recent stage was not 
as extensive as its predecessors, its terminal moraines 
averaging about 7,500 feet above sea level on the 
eastern side or about 500 feet higher than those of the 
Tahoe stage. The lowest moraine of the Tioga stage 
is reported by Blackwelder (1931) at Big Pine at an 
elevation of 5,750 feet. 

The result of these repeated glaciations has been 
the gouging of many U-shaped valleys and the deposi- 
tion of prominent terminal and lateral moraines. In 
many places, the ice so scoured the granitic rock and 
disappeared so recently that vegetation has not yet in- 
vaded, except in patches where a shallow soil has been 
built up. 

The red fir forest oceurs principally at and around 
the summit of the range. In the south, where the di- 
vide is high and rocky, the type occurs as scattered 
stands in protected places or on plateaus where soil 
has accumulated and the winds are not too strong. In 
the northern Sierra, the stands are more extensive and 
in many places cover the summit ridge. They are not 
confined to soils developing from any particular par- 
ent material but are seemingly best developed on 
glacial moraines or on unglaciated sites with deep 
soil. Table 1 lists the parent materials for each of the 
16 stations. Well-drained gentle slopes form the ideal 
topographical environment for the red fir association 
but in protected places it may be found on steep 
slopes and occasionally on level areas where melted 
snow water does not stand. 

The soil is usually relatively shallow and somewhat 
rocky. The mineral soil proper is covered with a mat 
of organic debris averaging about 5 centimeters in 
thickness, which very gradually decays, adding or- 
ganic material to the mineral soil. There is, however, 
a rather sharp line of demareation between the in- 
organic soil and the organic horizons. During the dry 
summer after the snow has melted, the litter of twigs, 
cone seales, leaves, and the humus layer become so 
compacted that the whole can be lifted from the sur- 
face of the soil in large mats. 

Samples of the surface mineral soil collected in 
triplicate from each of five stands ranged from 20 to 
50 percent in material over 2 mm. in diameter, some 
pieces being as much as 4 or 5 centimeters across. The 
soil analyses (Table 2) show that the surface soils of 
these five representative stands are sandy loams or 
sands. While the texture of the subsoil is not known 


with certainty, it can be presumed to be somewhat 
sandy also because of its shallowness, the nature of 
the parent material, and the climate. The drainage 
from such soils is good, as might be expected. 


TABLE 2. Results of soil studies. 
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Organic matter in the surface mineral soil (as loss 
on ignition of the 2 mm. fraction expressed as per- 
centage of oven-dry weight) ranged from an average 
of 6.8 percent at Station 10 to 19.4 pereent at Station 
13 (Table 2). The average of all samples from five 
stations was 13.5 percent. The average loss on igni- 
tion from samples of the total organic layer ranged 
from 64.9 percent at Station 11 to 81.8 percent at 
Station 10. The average of all samples was 70.9 per- 
cent. These figures indicate a rather sharp break be- 
tween the organic and mineral layers, the principal 
characteristic of a mor humus type (Heiberg 1937). 
It is difficult with the present data to assign the 
humus to a particular kind of mor. The long period 
of winter snow cover and the relatively long summer 
dry period combine to produce an unusual climate for 
the formation of humus. Most decomposition probably 
takes place in spring and late autumn and the rate is 
evidently slow. Some humus is leached into the min- 
eral soil by melting snow water each spring, the unin- 
corporated humus and litter drying out to form the 
organic mat. 

As might be expected under a coniferous forest on 
soil developed from igneous rocks, the H-ion concen- 
tration of the soil is rather high. Fifteen samples 
from the surface mineral soil ranged between pH. 5.0 
and pH 6.1 (Table 2) while a like number from the 
decaying organic material ranged between pH 4.6 and 
pH 6.0. Of five stands examined, four exhibited a 
slightly greater hydrogen-ion concentration in the 
organic horizons than in the surface mineral soil. 
The single exception was at Station 13, west of 
Ebbetts Pass, where the mineral soil ranged between 
pH 5.0 and 5.4 and the organic layers between pH 
5.3 and 5.9. 
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CLIMATE 


The climate of the Sierra Nevada is greatly influ- 
enced by its general north-south axis lying across the 
path of the prevailing westerly winds. During much 
of the year, especially in the summer months, these 
winds bring little moisture to the mountains. This is 
due to the presence of a semi-permanent anti-cyelone 
off the California coast. During the colder part of the 
year, this thermal high pressure region may be pushed 
south of its usual position or at times may disappear 
completely. Storms coming in from the north Pacifie 
during the absence of the anti-cyclone bring most of 
the precipitation of the Sierra Nevada. This results 
in rather clearly defined winter-wet and summer-dry 
seasons. The extent of this contrast in precipitation 
may be seen by comparing the distribution of the 
average warm season precipitation in Figure 1, E 
with that of the average annual precipitation in Fig- 
ure 1, F. (Also see Table 3.) Approximately 80 to 85 
percent of the total precipitation in the Sierra Ne- 
vada falls in the winter months from October to 
March, inclusive. The western slopes receive far more 
moisture than the region east of the summit. This is 
a result of the expansion and cooling to the con- 
densation level of the moist air as it rises up the 
windward side of the range. Once over the crest, the 
descending air is warmed and its pressure increased, 
resulting in markedly lower precipitation. 

Since most of the precipitation oceurs during the 
winter months it is not surprising to find that, at the 
higher elevations, most of the moisture falls in the 
form of snow. Heavy snowfalls are a characteristic 
feature of the high Sierra Nevada. A maximum depth 
of 60 inches in one day has been recorded at Giant 
Forest, Tulare County, California. At Tamarack, 
Alpine County, California, the average seasonal snow- 
fall is 449 inches while the maximum recorded for the 
same station is 884 inches, or more than 73 feet, dur- 
ing the winter of 1906-1907. 

The red fir community reaches its best development 
in approximately the same altitudinal zone that snow- 
fall reaches its greatest depths. This, however, is not 
the zone of maximum total precipitation. (See Fig- 
ure 1, F.) The greatest precipitation (actual and po- 
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tential) occurs lower down the western slope where 
pressure, temperature, and moisture content of the air 
are all most favorable for maximum precipitation. 
The zone of greatest precipitation thus coincides with 
the luxuriant mixed coniferous montane forest be- 
tween 5,000 and 7,000 feet elevation and is of primary 
importance in its expression. 

Because of geographical isolation, there are few 
precipitation stations clearly within the red fir zone. 
The records of three of these appear in Table 3. The 
annual precipitation varies from 41.02 inches at Twin 
wakes, Alpine County to 46.75 inches at Tamarack in 
the same county. By locating the 16 fir stations on 
the map in Figure 1, F, the annual precipitation 
within the type may be roughly interpolated. This 
precipitation seems to fange principally between 40 
and 50 inches per year, although some stations in 
southwestern Plumas and Sierra counties receive 
close to 60 inches while some of those east of the 
Sierran crest receive not more than 30 inches per 
year. 

Since few total precipitation records are available 
and since snow makes up such a great proportion of 
the actual precipitation, reference to snow survey data 
may give a more adequate picture of the source of 
moisture for the red fir. Survey records for 1940 and 
1941 obtained from the California and the Nevada 
Cooperative Snow Surveys are listed in Table 4 for 
the snow courses nearest the stations used in this 
study. The figures represent the depth of the snow 
pack as of April 1 and the amount of water stored in 
this snow. Disregarding the data from Mount Lassen 
where the nearest snow course is much higher than the 
fir stations and the snow accumulates in great drifts, 
the average depths on April 1, 1940 ranged from 66 
inches at Eureka Lake to 132 inches at Snow Flat. 
Eureka Lake represents conditions at Stations 3, 4, 
and 5 while Snow Flat is only a few hundred yards 
west of Station 15. On April 1, 1941, the snow depths 
varied from 46.8 inches at Big Meadow to 129.9 inches 
at Snow Flat. The water contents varied from 28.2 to 
55.4 inches in 1940 and from 22.6 to 63.2 inches in 
1941. The normal water contents for the entire winter 
snowfall up to April 1 have been determined for only 


TABLE 3. Climatic summary for three weather stations within red fir zone.* 
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d—years 





Length of record—years 








& | 
E | 2 2 2 
Station es ee a fee ~ os 
noi ak Gs eS Els & & 
ee ee = s ee ie » 
| a | a|& £&|/|¢é & = 
felgeil2z2ils\|8ie2e]9 | 
(SiS SiRiSi sl Sie 
Soda Springs, } June| Aug 
Nevada County.! 40 /27.2/60.1| 90 |—28) 33 | 20 | 27 | 
| | | | 
Tamarack, | | | | June} Aug.| 
Alpine County ..} 22 |25.7/57.9]} 88 | —29) 20 | 28 | 13 | 46 
Twin Lakes, | | | July! Aug.| 


Alpine County ..| 13 (24. 1/58.4) 91 |—-26} 12] 2 | 11 | 40 
| | | 





ugust 
| September 
December 


| January 
| February 
| October 
November 
Annual 


March 
| April 
| 
May 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 





| 
F ae 
a 
cm cae, 
| 


} | 
re bn 62/5. 76/4.01/1.95|1.60 (0. 18/0. 16 0.54/3.05,4.12,8.00,45.64 


| 





26 10. 14\6.91 6.82/2.94/2.36/1.20/0.7 2/0. ou lt. 07 [2. 67/4. 90 6.51|46.75 
| | | | | 
20 | 7.64/7.45|5.81/3.90/1.54/1.39 0. 50 0. 30 0.7 1.90'3.15/6.72 41.02 














*Adapted from ‘“‘Climate of California’’ in ‘‘Climate and Man,” U. 8. D. A. Yearbook 1941. 
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TABLE 4. Snow depths and water contents as of April 1 
at snow courses nearest stations*. 



























& | | fa) = ~ 
<| S |} eS] eS] eS] eS | e933 
5 25 I 82} aS] 8S | sSe- 
= = Ss ~ 4 n a) =+ s@ 
z) #8 | 5 13 | 53] 83| se es |fee- 
§ | + | 38] Be)]ea eS sci | os SES 
S 4 2-5 = is Se 2s | & ESs5 = 
$| s¢ | 33/32| Bf | se! | Bf | 34 | se. 
nm} me <@ | <8 | A: BEi|AS| FS |28Es 
1 | Mount Feet | Feet | | | 
| _ Lassen. ./6,750 |8,400 {233.2 [110.9 {287.1 [134.5 | 100.5 
2 | Mount | | | | 
| Lassen. .16,800 |/8,400 1233.2 110.9 |287.1 |134.5 | 100.5 
3 | Eureka } | | 
| Lake... ./6,300 |6,300 | 66.0 | 30.4 |109.4 | 44.4 — 
4 | Eureka | 
Lake... .|6,300 |6,300 | 66.0 | 30.4 |109.4 | 44.4 — 
5 | Eureka | | } | 
Lake... .|6,100 |6,300 | 66.0 | 30.4 |109.4 | 44.4 — 
6 | Church | | 
| Meadows|6, 500 |6,700 | 89.0 | 36.8 |102.3 | 40.7 53.6 
7 | Yuba | | surveys 
| Pass. .../6,600 |6,700 81.5 | 36.6 | 72.7 | 34.4 | started 
} | 1937 
8 | Big | 
| iste. 8,300 8,800 | 72.0 | 31.7 | 46.8 | 22.6 28.1 
9 | Marlette | | | | 
| Lake..../8,400 |8,000 | 81.3 | 33.7 | 59.6 | 26.7 27.8 
10 | Echo | 
| Summit .|7,300 |7,500 | 87.6 | 39.5 | 87.2 | 37.2 | 40.0% 
11 | Twin 
| Lakes. ..|8,100 |7,900 | 78.7 | 30.3 | 70.2 | 30.0} —— 
12 | Twin 
Lakes. ..|7,850 |7,900 | 78.7 | 30.3 | 70.2 | 30.0 — 


_ 
a 
— 
is 
= 
® 


Alpine. ./8,100 |7,500 |100.2 | 45.5 |115.0 | 49.6 | 44.8 


Pass... ./8,100 |8,800 | 74.6 | 28.2 | 73.1 | 29.7 29.0 
15 | Snow | 

Flat 8,600 |8,700 132.0 | 55.4 
16 | Ostrander | | 

Lake... .|7,500 |8,200 | 91.6 | 35.8 /113.7 | 48.6 — 





*Compiled from: (1) California Cooperative Snow Surveys, Snow Sur- 
veys and Precipitation Data and Seasonal Fore- 
cast of Stream Flow, April 10, 1940 and April 10, 
1941. Sacramento. 

(2) Nevada Cooperative Snow Surveys, Seasonal 
Snow Survey and Forecast of Stream Flow. Part 
I - Central Sierra Quadrangle. April, 1941. Reno. 

Tentative normal. 


t “Snow season.” 
seven of the courses listed here. The range is from 
27.8 inches at Marlette Lake to 53.6 inches at Church 
Meadows with an average of 38.8 inches. Assuming 
this water content of the snow to be 80 percent of the 
total annual water falling in the type, an average 
annual precipitation of 48.50 inches is obtained. This 
figure approximates within reasonable limits the fig- 
ures obtained from precipitation stations and map 
interpolation. A yearly precipitation of 40 to 50 
inches for the best:development of the red fir seems to 
be fairly well substantiated. 

The deep winter snow pack is a constant character- 
istie of the fir community and supplies on melting 
about 80 percent or more of its effective water. Fig- 
ure 2 shows the pack at Station 10, Echo Summit, as 
it appeared on March 1, 1942, measuring about 90 
inches. This is about normal for the station since the 
records for April 1, 1940 and April 1, 1941 show 
averages of 87.6 and 87.2 inches, respectively. The 
snow pack is more than just a water supply. It pro- 
vides insulation and protection from the cold dry win- 
ter winds and thus protects the woody reproduction 
until it is firmly established. Much reproduction 
never exceeds the height of the pack, for unless the 
terminal shoot can grow vigorously in a single season 
from below the pack to a height of a foot above the 
pack, it may never reach that height. Snow blast and 
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Fig. 2. Depth of snow pack (about 90 inches) on 
March 1, 1942 at Station 10, Echo Summit. 


low temperature within the first few inches above the 
glazed surface of the snow would, in many eases, kill 
back the terminal shoots of saplings already weakened 
by the intense competition for light and water. The 
great abundance of woody vegetation below 2 meters 
in height seems to be greatly influenced by and pos- 
sibly caused by the presence of the snow pack. 

The last of the snow pack has usually melted by 
mid-July, although in some places it may have disap- 
peared by late June. Frosts may be expected until 
late June or even into July and usually appear again 
by the middle of August (see Table 3). The growing 
season as ordinarily considered is thus very short, 
varying from about 40 to 70 days throughout the 
type. This seems too short for luxuriant forest vege- 
tation, and probably is, for it really indicates the 
growing season for cultivated crops and not for the 
native vegetation. Most of the herbaceous plants are 
perennials and begin growth very early, probably 
before all the snow has melted and certainly before 
the last frost. Many of these plants seem able to 
withstand very low temperatures both at the begin- 
ning and the end of the normal growing season with- 
out any apparent ill-effeects. It is also probable that 
the frosts may not be as severe under the forest cover 
as in the open where observations were made. 

The temperature is low in the winter but not ex- 
cessively low. The January averages of 24.1°, 25.7° 
and 27.2° for the three stations listed are high com- 
pared to those of most of the northern United States 
and similar locations in the Rocky Mountains. Even 
the extremes of —26°, -28°, and -29° are not excep- 
tionally low. The thick mantle of snow must provide 
excellent insulation and it is improbable that soil 
temperatures ever go below 0°F. The summer tem- 
peratures are cool, the July averages being 57.9°, 
58.4°, and 60.1° with extremes of 88°, 90°, and 91° 
Even during the growing season, it is probable that 
night minima are always below 50°F. 

The climate of the red fir zone can be summarized 
as cool, with clearly defined winter-wet and summer- 
dry seasons, the precipitation being mainly in the 
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form of heavy snowfall. Late and early frosts in 
combination with the deep snow pack cause the grow- 
ing season to be short and coincident with the driest 
portion of the year. 


VEGETATION 


The results of the vegetational analyses of Stations 
4, 7, 10, 11, and 13 are presented in Tables 5 to 8, 
inclusive, and in Figure 3. 


Fig. 3. General appearance of interior of red fir forest. 


The characteristic appearance of this association 
(Abietum magnificae)* is shown in Figure 3. The 
massive fir trunks seattered over a relatively open 
forest floor are typical. Data concerning the arbores- 
cent strata (Table 5 and 7) show that only 5 species 
of tree size occurred on 75 plots at the 5 quadratted 
stations. Only two of these species, Abies magnifica 
and Pinus monticola, oceurred in the quadrats at all 
five stations. Abies magnifica, of tree size, was 
present in every plot at all five stations thus having 
a frequeney index of 100 for each station. Pinus 
monticola was its nearest competitor in homogeneity 
of d’stribution but had frequency indices of only 60 
at the two stations (4, 13) where most abundant. 

The density of individuals of Abies magnifica over 
1 inch d.b.h. per 225 square meter plot ranged from 

* The concept of the association as used in this paper is that 
of the Swiss-French school encompassing beth the phytocoenosis 
and its environment. The name Abietum magnificae is here given 
to this association following the long-established custom of add- 
ing the suffix ‘-etum’’ to the root of the generic name of the 


controlling species and changing the specific name to the genitive 
“ase. 
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TABLE 5. Analysis of tree population over 1 inch 
d.b.h. at five quadratted stations. 





Station Station Station Station Station 
+ 7 10 ¢ 


12.0} 35.0| 16.1 








al 15.7 10.6 





f | 100 100 100 100 100 








Abies magnifica 





Xb 97.6 99.3 














d 0.8 0.13 0.5 
' f 60 20 30 40 60 
Pinus monticola ——__ ——_—_— 
b 6.08 0.01 1.30 3.34 13.68 














%b | 0.01 0.3 0.94 4.4 
d| o9| 1.5 oa 
f 33 33 ; aS 
Abies concolor . SS SS ae eet 














d 0.13 
f 13 
Pinus contorta iain deiahndtoaccit 
b 0.06 
%ob 0.06 
d 
f 7 
Tsuga mertensiana lig eile sil itgecain acetone ede 
b 0.2 
Yb 0.6 





d = density per 225 sq. m. plot, f = frequency percentage of 15 plots, 
b = basal area in square feet, %b = pereentage of total basal area. 


10.6 at Station 13 to 35.0 at Station 10. The average 
seems nearer the former figure. The density of indi- 
viduals of the other four species was much lower. At 
all stations, individuals of Abies magnifica constituted 
over 80 percent of the arboresecent population and 
usually this figure was 90 percent or more. 

The total basal area per 3,375 square meters ranged 
from 284.1 square feet at Station 4 to 430.6 square 
feet at Station 10 (that is 340.64 to 516.29 square feet 
per acre). Of the total basal area at each station, 
Abies magnifica constituted from 94.4 percent at Sta- 
tion 13 to 99.3 percent at Station 7. 

From the above figures, it can be seen that this 
forest type is clearly and completely dominated by 
Abies magnifica. This domination by a single species 
is even more strikingly brought out by the phyto- 
graphs in Figure 4 showing the relative importance 
of the tree species at each station. 

The reproduction data in Table 6 show Abies mag- 
nifica reproducing heavily at all stations. As might be 
expceeted, the number of seedlings under 4% meter in 
height is much greater than the number of saplings 
from 1% meter to 2 meters high. Many coniferous 
seedlings still in the cotyledon stage are present in all 
stands. These could not be positively identified as 
either Pinus or Abies and so are listed merely as 
coniferous seedlings. From the abundant seed source 
and in view of the percentages in older reproduction 
classes, it is very likely that most of these unidentified 
seedlings are those of Abies magnifica. 
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TABLE 6. Analysis of woody reproduction and shrubs*. 





Station Station Station Station Station 
4 | 7 10 ll i 13 











d 
16-2 m. 
f 


Abies magnifica 


d 
under 4 m. 












































f 100 93 85 27 100 
d 0.6 4.5 
lg -2m. Leeibcbcnt 
f 7 27 
Pinus monticola woe OT Reta Sa eee SR mae eee 
d i 0.9 0.6 8.1 
under 4 m. — SEES, ALEC, AE SENT 
f 7 10 7 40 
d 0.45 4.5 
4-2 m. ane a 
f 5 20 
Pinus contorta CE Ee 
d 4.5 
under '%4 m. SS cr cr 
f 13 
under 4m. d 0.9 
Tsuga mertensiana ; —_—— 
7 








Coniferous seedlings ——— 














f 93 100 90 80 73 
d 0.45 
Quercus vaccinifolia , ~ 
5 
d 11.7 
Lonicera conjugialis ——___——— ASSO, SERS een, eee ee 
f 15 
d 40.5 12.6 
Ribes viscosissimu m ———_—§  ——— ————K—K—|— 
f 20 25 





*Densities, determined on 25 sq. m. plots, have been raised to 225 
sq. m. basis for better comparison with tree counts. 


The younger reproduction of red fir seems to be 
fairly evenly distributed throughout the stands as evi- 
denced by the rather high frequency indices. On 
the other hand, the saplings are densely aggregated 
under the openings in the crown cover. It is very 
likely that only a few seedlings in the shade of the 
overstory trees ever live more than a year or two. 
Enough survive to maintain an uneven-aged stand; 
most of these survivors gain dominance over their as- 
sociates in the first few years of growth. Reproduc- 
tion in the openings caused by the death of an old 
tree, however, survives until the opening is crowded 
with young saplings all of approximately even height. 
Most of these saplings never grow to a height exceed- 
ing the average depth of winter snow. Only those ex- 
ceptional few which, in spite of competition, make 
sufficient height growth in a single season to raise 
their terminal buds well above the winter snow line 
ean survive and eventually fill the gap in the over- 
story. Figure 5 illustrates this aggregation of sap- 
lings under an opening. 

The reproduction of the other tree species is seat- 
tered and nowhere abundant. Seedlings and saplings 
of Pinus contorta are almost lacking within the asso- 
ciation but are fairly abundant around the edges of 
stands especially where the ground is marshy and in 
places where snow is heavy and late in melting. The 
lodgepole pine thus seems to be the principal pioneer 
tree in the expansion of the Abietum. 
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That the arborescent pattern as presented above is 
likely to be long continued is indicated by Table 7. 


TABLE 7. Number of arborescent individuals by size 
classes on 75 quadrats of 225 square meters each. 





Under|Under}| | 
ede ie Ege me E |} 2.1- | 6.1- 12.1- | Over 
‘ | d.b.h. | d.b.h.} 2.0” | 6.0” | 12.0” | 24.0” | 24.0” 
Species under | 4-2 d.b.h. | d.b.h. | d.b.h. | d.b.h. | d.b.h. 











|4%m./] m. | } 
high | high | 
Abies | | 
magnifica.....|7,956 |1,647 | 165 | 766 | 239 123 195 
Pinus } | | 
monticola.....| 153 | 72] 15 | 12 | 9 24 3 
Pinus | | 
contorta......| 63 | 63 | 4 8 | 4 4 1 
Abies | } | } | | 
concolor...... 0 | 0 | oi “St-4 3 | 0 0 
Tsuga | | | 
mertensiana .. 18 | 0 | 0 | 0 | 1 | 0 0 





The abundance of individuals of Abies magnifica in 
every size class from seedlings to maturity seems to 
insure the long-continued dominance of this species 
and to indicate the climax nature of the type under 
present environmental conditions. Of the other four 
species, Pinus contorta is successional at this altitude, 
preceding red fir especially on moist sites and often 
on dry sites; Abies concolor oceurs only in the warmer 
places, Tsuga mertensiana is a straggler from higher 
altitudes, and Pinus monticola is a constant species 
but always of low abundanee in the type. 

Relatively few shrubs occurred on the 75 reproduc- 
tion plots. Only three species: Ribes viscosissimum, 
Lonicera conjugialis, and Quercus vaccinifolia were 
represented. Their densities and frequencies (Table 
6) show that the individuals tend to be aggregated in 
the few places where they occur. The shrub flora of 
the association is rather sparse, only 12 species being 
present at the 16 stations. Ribes viscosissimum and 
Symphoricarpos rotundifolius are the most abundant 
species and are typical of the low, spindly shrubs 
seattered under the undisturbed red fir. 

Herbs are nowhere abundant in the association. 
Thirty-two species occurred on the 75 herb plots at 
the 5 stations intensively studied, and most of these 
species were found in only one or two plots out of 
the 75 (Table 8). The two most abundant species, 
Chrysopsis breweri and Hieracium albiflorum, were 
found on only 16 and 12 plots, respectively. Like the 
shrubs, the herbs tend to be grouped in small colonies 
of one or two species. These may range from one 
foot to several feet in diameter and are scattered at 
wide intervals through the stand in places where the 
organie litter is not too deep and the shade not too 
dense. 

The species pattern characterizing the red fir asso- 
ciation is well shown by the presence list of all 16 sta- 
tions in Table 9. These data are of utmost importance 
in the synthesis of the Abietum magnificae. Of the 
six species of trees, two, Abies magnifica present at 
all 16 stations and Pinus monticola present at 14 sta- 
tions, might be said to be constantly present. Follow- 
ing the scale of Braun-Blanquet (1932), these two 
species would be of presence degree 5. Pinus contorta 
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STATION 10 STATION 11 STATION !3 


TSUGA 
MERTENSIANA\ 


Fie. 4. Phytographs for the dominant species in the red fir forest. Radius o-a percentage of total dominant 
abundance; o-b frequency; o-c percentage of size classes; 0-d percentage of total basal area. 


is of degree 4 or mostly present, occurring at 12 sta- 
tions, while Tsuga mertensiana and Abies concolor 
are often present or degree 3. The remaining arbores- 
cent species, Acer glabrum, is rare, being found at 
only three stations. 

Of the shrubs, the only constant is Ribes viscosis- 
simum which was present at 13 of the 16 stations. 
Symphoricarpos rotundifolius is often present, oe- 
curring at 7 stations, while the remaining frutescent 
species are seldom present or rare. 

Five herbaceous species can be considered as con- 
stants of the association. These are Chrysopsis brew- 
eri, Pedicularis semibarbata, Gayophytum ramosissi- 
mum, Pirola picta, and Monardella odoratissima. The 
last species is usually found only around the edges of 
the stands where light conditions are better than 
within the stand. Eight herbaceous species are mostly 
present, occurring in 60 to 80 percent of the stands. 
These are Phacelia hydrophylloides, Poa bolanderi, 
Arabis platysperma, Corallorrhiza maculata, Thalic- 
trum fendleri, Kellogia galioides, Erigeron salsugi- 
nosus var. angustifolius, and Hieracium albiflorum, 
all of which may be expected to be usually present in 
any normal stand of the association. Only five her- 
baceous species show a presence of degree 3, while 


eleven species are of degree 2. Degree 1, with 46 
species, exhibits the greatest number of species in any 
one presence class. These figures indicate relatively 
few characteristic herbs with a large number of acei- 
dentals derived from lower or higher elevations. 

One of the true constants of the association is the 
lichen, Evernia vulpina (L.) Ach. This fruticose 
species, present in abundance at every station, is 
characteristic of the flora of the red fir forest, being 
rare above or below this zone. The lichen evidently 
starts growth on the young fir branches, working 
gradually back toward the trunk. Shortly after the 
lichen has become established on the trunk near the 
branch, the branch through natural eauses dies and 
falls away. Sinee the fir branches are borne in whorls, 
this leaves a ring of the bright yellow-green Evernia 
well established on the bark of the trunk at every 
point at which a whorl existed. If it may be assumed 
that one whorl of branches is produced during each 
growing season, the age of a standing fir can be 
closely estimated from counting the existing whorls 
plus the rings of Evernia down almost to ground 
level. This is workable for trees up to two or three 
feet in diameter. Beyond that diameter, the older 
bark of the fir becomes so furrowed and corky that 





Fic. 5. Rreproduction under opening in crown cover of 
red fir forest. 


most of the Evernia disappears or in moist situations 
becomes so abundant on the trunk as to obscure any 
individual rings. 

Presence on a unit area basis is termed “constance” 
by Braun-Blanquet (1932). Constance is measured 
by the same seale as that used for presence. If the 
number of species in each class is plotted, a con- 
staney diagram is derived. This diagram is very un- 
like a frequency diagram in that the greatest number 
of species is in the lowest class and there is a sharp 
drop to the higher classes with no secondary peak in 
that region of the eurve. Presence diagrams which 
are not based on unit areas resemble constancy dia- 
grams but usually show a higher percentage of casual 
or aecidental species and thus are very high in class 
1. If the 97 species encountered in this study are 
plotted according to their presence classes, 9 will oc- 
eur in each of elasses 3, 4, and 5; 16 will oceur in 
class 2; and 54 in elass 1. This is in conformity with 
presence diagrams in general. The use of a unit area 
at each station would probably result in a substantial 
decrease in class 1 due to the greater odds on the dis- 
covery of a single plant of an accidental species on 
the smaller area. Floristically, then, the Abietum is 
not rich, but through its relatively few species exhibits 
a high degree of uniformity. However, because of its 
intermediate altitudinal position, a number of species 
more typical of the yellow pine forest or the true 
semi-open subalpine zone are found here and there in 
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favorable spots in the red fir forest adding their 
weight to presence class 1. 
While successional areas within the red fir zone are 


TABLE 8. Analysis of herbaceous population. 





Station|Station Station Station Station 
Ss Sa ae ee |. a8 

















































































































Species } 
a | | 
Hieracium a7 3.2 0.2 | 3.6 7.3 
albiflorum f | 20 a | 30 13 
Chrysopsis breweri ai-3<¢] 0.6 0.07 0.07 
f | 66 20 7 
Chimaphila umbellata di 1.4 | 0.45 
f | 40 | 13 
Lupinus andersoni d/}| 0.3 | 0.2 aap 
f | 37 | | 13 
Pirola dentata var. d a | oes. 
integra Se | 
Pedicularis d 0.07 | 0.3 a” 
semibarbata ba S | | 20 
Arabis platysperma d 0.13 | 2.9 P or 
ce 20 
Pirola picta d/| 0.4 
f | 20 
Gayophytum d | 0.4 0.7 3 
ramosissimum f ie 7 
Poa bolanderi d 0.27 | 1.3 2g 
f | : § 27 
Polemonium sp. d | | 0.6 {aia 
7 
Mitella breweri d | | 0.05 ars 
ee i 
Valeriana sylvatica d 1.5 mnie 
| 30 
Kelloggia galioides d | | 0.65 0.07 ee 
f | 3 Be 
Anaphalis d 0.75 fave Pe 
margaritacea f | 5 
Erigeron salsuginosus d | 0.35 4 “a 
var. angustifolius f | 3S 40 
Pteris aquilina d | |} 0.1 aa 
var. lanuginosa f | | 5 
Silene lemmonii d | | Te ieee [aeons 
f | } 5 
Viola purpurea d | | oY = ae 
f | | 20 
Phacelia d | 0.4 | 0.07, 
hydrophylloides f | | | 13 | 
Brodiaea ixioides d | | | 0.3 ate 
Silene montana d | 1. 5 
ei | 40 
Delphinium decorum d ier .0 ° 
var. patens | ik 
Viola praemorsa d | ee 
f | 33 
Collinsia parviflora d | er = 
f | | 20 
Plagiobothrys hispidus di | Lois 5 
f | 20 
Carex brevipes d | 0.6. 5 
f | 1: 
Thalictrum fendleri d 0.2 
13 
Galium sp. d } 0.07 
f 7 
Mimulus tilingi d | | 3. 1 
f 7 
Ligusticum grayi d i 1.3 
f 40 
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TABLE 9. 


order of presence at sixteen stations. 





Species of the Abietum listed 


in decreasing 





Species 





TREES 
Abies magnifica ...... 
Pinus monticola 
Pinus contorta.... 
Tsuga mertensiana 
Abies concolor. . 
Acer glabrum......... 


SHRUBS 
Ribes viscosissimum. . . 
Symphoricar pos 
rotundifolius .... 


Ribes montigenum.... .| 


Sambucus racemosa... . 
Ribes cereum.. 
Spiraea densiflora 
Arctostaphylos 
nevadensis ‘ 
Symphoricarpos walle : 
Lonicera conjugialis.... 
Quercus vaccinifolia.. .. 
Amelanchier alnifolia . . 
Rubus parviflorus. . 


HerRsBs 
Chrysopsis breweri 
Monardella 

odoratissima........ 
Gayophytum 
ramosissimum....... 
Pedicularis 
semibarbata 
Pirdle SR... oc ic 
Phacelia 
hydrophylloides 
Poa bolanderi......... 
Arabis platysperma.... 
Corallorrhiza maculata . 
Thalictrum fendleri.... 
Kelloggia galioides... .. 
Erigeron salsuginosus 


var. angustifolius.... 
Hieracium albiflorum .. 
Lupinus andersoni 

var. fulcratus....... 
Viola purpurea 
Chimaphila umbellata . . 
Pentstemon gracilentus . 
Plagiobothrys hispidus . 
Eriogonum nudum..... 
Collinsia parviflora... . 
Smilacina amplericaulis 
Viola praemorsa....... 
Erysimum asperum 

var. perenne........ 
Castilleia pinetorum.... 


Silene lemmonii....... 
Arceuthobium 
campylopodum...... 
Pirola dentata var. 
integra. 
Potentilla diciatinsi 
Calyptridium 
umbellatum........ 
Aquilegia formosa . 
Sarcodes sanguinea 
Brodiaea ixioides 
var. lugens 











Ligusticum grayi......| 


Wyethia mollis . 
Sitanion hystriz....... 


Pterospora andromedea . | 


Delphinium decorum 
ek 
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TABLE 9 (Continued). 





Species 1/2/3) 





Arabis repanda....... a Ix |x x 
Carex sp.. am | Ix|x/x 
Mertensia ciliate var. 

stomatechoides...... ae x x|x 
Aquilegia truncata... ..| x | | x 
Stellaria jamesiana.... |x | its 
Paeonia brownii.......; | |x| | x 
Pteris aquilina var. Say 

lanuginosa......... ; | |x] 
Osmorrhiza obtusa.....| | | | x x 
Mitella breweri........| | 
Polemonium sp........| | | 
Chaenactis sp.. Gh as: 
Phacelia hiienéghita ey eh ae Se 

var. compacta....... | | | ;x} | | | x 
Lupinus lyallii...... ..| | } 
Senecio triangularis. .. .| 
Pirola secunda........| | 
Mimulus tilingi.......| Se } | is x} 
Antennaria dioica | a 

WOE COMO, 5 25550161 
Lupinus sp. . --[ |x | | 
Pentstemon abated ea 
Erythronium citrinum. . 
Apocynum androsaemi- 

folium var. pumilum. | 
Habenaria elegans. . .. .| 
Aster sp.. } 
Gilia catia 
Erysimum sp......... -} 
Valeriana sylvatica... . | 
Anaphalis margaritacea | 
Lilium parvum........| | | Poked x} 
Arnica nevadensis... .. 
Silene montana. 
Galium sp. . a 
Sidalcea aheianiiieds. ane 
Lewisia triphylla. ..... 
Luzula subcongesta. . 
Eriophyllum lanatum 

var. integrifolium. 
Castilleia affinis...... 
Potentilla glandulosa .. . 
Streptanthus tortuosus 


4 ww mw Om 





tal 


var. orbiculatus.... .| 








CryprocamMs | | a Be 
Evernia vulpina (L.) | | | } } 
2556 ARR 44 ek 4 Oat bak a ag dors Se 
Fomes sp... ono eret |x |x| belek p iep- ot 
Polytrichadelph us | | 
lyallii Mitt... . |x| fa 3S ae 


Coral fungus........ 





beyond the scope of this paper, it might be well to 
list a few of the outstanding species in such areas. 
Open sandy areas not yet colonized by Abies are 
abundant in many places throughout this altitudinal 
zone. These dry meadows are characterized chiefly by 
Gilia aggregata, Wyethia mollis, Stipa occidentalis, 
Sitanion hystrix, Calyptridium umbellatum, Paeonia 
brownii, Phacelia heterophylla var. compacta, and 


Monardella odoratissima. Moist or marshy places sup- 


port Senecio triangularis, Lilium parvum, Athyrium 
filix-foemina var. californicum, Alnus tenuifolia, and 
usually the pioneer Pinus contorta. Arctostaphylos 
nevadensis is often found on rocky outerops and in 
many places where burning has oceurred. It seems to 
be a rather good indicator of past fires if present in 
abundance. 
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INTEGRATION found under semi-open conditions or at times in deep 


Compared to many forest associations, the Abietum 
magnificae is relatively simple in structure. The num- 
ber of synusiae present, outside of the eryptogamie, 
is usually not more than three: herbaceous, low 
shrubby, and dominant arborescent. The unions in- 
volved in these three synusiae ean be fairly well de- 
lineated except in the herbaceous stratum. 

The overstory is always characterized by the pres- 
ence of the Abies magnifica union. This union is over- 
whelmingly dominated by Abies magnifica. In addi- 
tion to the type species, small percentages of Pinus 
monticola, Pinus contorta, Abies concolor, and Tsuga 
mertensiana may occur in almost every stand. This is 
the controlling union of the association; unless it is 
fully developed, a stand cannot be typical of the 
association. 

Most of the shrubs of the association belong to the 
Ribes-Symphoriearpos union. This group is typified 
best by Ribes viscosissimum, Ribes cereum, Ribes 
montigenum, Symphoricarpos rotundifolius, and Sym- 
phoricarpos mollis. In the closed Abietum, this union 
is represented by low, spindly shrubs but during the 
formation of the association or after cutting, the 
frutescent union is dominated by very robust indi- 
viduals, especially of Ribes cereum. The presence or 
absence of a closed crown cover has a pronounced 
effect on the development of this very plastic union. 
While an essential part of the climax Abietum, the 
Ribes-Symphoriearpos union is certainly not at its 
optimum stage of development in this climax. 

Whether the herbaceous synusia consists of a single 
union or whether two are represented is not obvious. 
Like the shrubby layer, the development of the herb 
stratum is greatly enhaneed by a little light. Under 
semi-open stands, plants such as Monardella odo- 
ratissima, Chrysopsis breweri, and Gayophytum 
ramosissimum are very abundant and robust but 
under closed stands the plants of these same species 
are seattered and rather delicate. Under closed stands, 
in dense shade, other species such as Corallorrhiza 
maculata, Pirola picta, and Chimaphila umbellata are 
conspicuous. At first inspection, no clear line of de- 
mareation seems to exist between these extremes, since 
other herbaceous species, apparently indifferent to 
shade and organic matter, are found with Monardella 
and Chrysopsis and also with Corallorrhiza. 

Seven species are especially characteristic of the 
dark closed red fir forest with its deep dry mat of 
twigs and needles. These are Corallorrhiza maculata, 
Chimaphila umbellata, Pirola secunda, Pirola picta, 
Pirola dentata var. integra, Pterospora andromedea, 
and Sarcodes sanguinea. All are ericads except Coral- 
lorrhiza; three of the seven are non-green saprophytes 
(Corallorrhiza, Pterospora, and Sareodes); the re- 
maining four are low evergreen, rhizomatous plants. 
Chrysopsis breweri, Monardella odoratissima, Gayo- 
phytum ramosissimum, Pedicularis semibarbata, Pha- 
celia hydrophylloides, Erigeron salsuginosus, Hiera- 
cium albiflorum, Thalictrum fendleri, Kelloggia gali- 
oides, and Poa bolanderi are typical of those species 





shade. Most of these are somewhat robust when grow- 
ing in rather open stands and are spindly but surviv- 
ing in shade and deep organie litter. All are green 
plants; none are evergreen. 

A study of the ranges (as of Jepson 1925) of the 
17 species mentioned above yields some pertinent in- 
formation. Of the seven species of deep shade, four 
are widely distributed throughout northern North 
America ranging to the Atlantic coast in New Eng- 
land and the Maritime Provinces. These species are 
Corallorrhiza maculata, Pterospora andromedea, Pi- 
rola secunda, and Chimaphila umbellata. The latter 
two are more or less cireumboreal, being found also 
in Europe and Asia. Pirola picta ranges north to 
British Columbia and east to Wyoming while Pirola 
dentata var. integra oceurs as far north as Washing- 
ton in the Caseade Range. The remaining species, 
Sarcodes sanguinea, is confined to the Siskiyou Moun- 
tains, the southern Cascades, the Sierra Nevada, and 
the mountains of Southern and Lower California. The 
saprophyte-evergreen group is represented princi- 
pally by wide-ranging species. 

Four species (Chrysopsis breweri, Gayophytum 
ramosissimum, Pedicularis semibarbata, and Phacelia 
hydrophylloides) of the 10 in the second group are 
confined to the Sierra Nevada and the mountains of 
Southern California. The remaining six species are 
all restricted to the Pacific slope of North America, 
although some range east as far as New Mexico, Col- 
orado and Utah and northward to Washington and 
British Columbia. 

Thus the herbs fall into two distinet groups whether 
considered on the basis of ranges or life-forms and 
the presence of two herbaceous unions in the asso- 
ciation is indicated. The first is designated the Pirola- 
Corallorrhiza union. It is made up of saprophytic 
or low evergreen herbs most of which are ericaceous. 
The principal species are widely distributed in the 
coniferous forests of the cooler portions of North 
America with at least two occurring in similar situa- 
tions in Europe and Asia. The union is adapted to 
dense shade and deep accumulations of coniferous 
litter. It is thus the dominant herbaceous union in the 
closed or climax Abietum. The Sierran example is 
probably a variant of this continental or perhaps cir- 
cumboreal union. The second herbaceous union ean 
be called the Chrysopsis-Monardella union. It is 
typified by a number of autophytic non-evergreen 
plants whose ranges are confined to the mountains of 
the Pacific slope of western North America. This es- 
sentially Sierran union is best developed in open for- 
ests or around their margins where mineral soil is ex- 
posed and sunlight reaches the soil surface. Probably 
the majority of the 75 herbaceous species encountered 
in this study belong to this union. 

Both herbaceous unions may occur together in the 
same stand, although when one is strongly developed 
the other is usually weakly developed or absent. In 
the semi-open or developmental Abietum magnificae, 
the Chrysopsis-Monardella union is present and opti- 
mally developed while the Pirola-Corallorrhiza union 
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is usually absent. As the forest becomes closed and 
organie matter begins to accumulate because of chang- 
ing environmental conditions, the plants of the Chry- 
sopsis-Monardella union become more scattered and 
spindly. Plants of the Pirola-Corallorrhiza union in- 
vade and in the mature closed Abietum make up the 
characteristic herbaceous flora. The individuals of 
this predominantly ericaceous union are seldom abun- 
dant but their presence is indicative of the mature fir 
association. It is very likely that neither of these 
herbaceous unions is confined to this particular asso- 
ciation. The Pirola-Corallorrhiza union is widely dis- 
tributed throughout coniferous forests in North Amer- 
ica and is probably developed to some extent in the 
mixed coniferous montane forest at lower elevations 
in the Sierra. The Chrysopsis-Monardella union, 
while primarily Sierran, may also occur in other 
Pacific slope ranges. Even in the Sierra, it tends to 
oceur also in semi-open forests both above and below 
the red fir zone and is especially prominent in the 
successional stages of the Abietum. 

Little is known of the eryptogamie unions. The 
abundant Evernia vulpina probably represents a Sier- 
ran variant of a northward-ranging, more complex, 
corticolous lichen union characteristic of more moist 
coniferous forests. Mosses are rather rare except in 
very damp places and occasionally on rotting wood 
and the bases of trees. Fungal unions were not 
studied but a species of Fomes on old fir trunks 
broken off by the wind was noted as almost univer- 
sally present. 

From the present studies, it can be concluded that 
the virgin Abietum magnificae represents a true cli- 
matic climax. The regional limits of this climax are 
not definitely known but it attains its best develop- 
ment in the central and northern Sierra Nevada of 
California. Its altitudinal limits in this range vary 
with topography, latitude, and longitude between 
6,500 feet and 9,500 feet. Perhaps in any one loca- 
tion, this zone in which the closed red fir association 
may develop is not much more than 1,000 feet of 
elevation. 

The overstory is almost entirely composed of very 
large old trees of Abies magnifica. Ring-counts on 
some average-sized stumps of this species near Sta- 
tion 9 in Washoe County, Nevada, showed between 
400 and 500 rings. These indicate a time-period of 
approximately 500 years for the development of a 
mature dominant arborescent synusia. Table 7 shows 
that this arborescent stratum is constantly reproduc- 
ing under its own cover in essentially the same pat- 
tern. Abies magnifica is present in every stand in all 
age classes from seedlings to large dominant trees. 
Pinus monticola seems also to be a constituent, though 
minor, of this climax. The other tree species appear 
to be successional or accidental in relation to the true 
climax red fir forest. 

This slowly developing red fir association is climax 
in a montane region of recent glaciation. At the pres- 
ent time, it is best developed on lateral moraines or 


unglaciated spots because of a deeper soil. Heavily 
glaciated areas in the zone are still largely without 
the closed Abietum although developmental stages are 
plentiful. The absence of the true climax on such 
areas is not surprising considering the length of time 
involved in building up a soil sufficient to support a 
mature red fir community. 

The red fir forest as a climax is particularly 
adapted to a region where snowfall is heavy and the 
summers are dry. This forest is very unlike its near- 
est relatives, the subalpine forests of the Cascades 
and Rocky Mountains and the transcontinental boreal 
forest. In these latter forests, higher moisture con- 
ditions during the summer season result in the de- 
velopment of a true mor humus and accompanying 
podsol. There is little evidence of this in the summer- 
dry Abietum magnificae of the Sierra. Over 80 percent 
of the moisture of the red fir forest falls in the form 
of winter snow. When this has melted, by late June, 
little more precipitation can be expected until Octo- 
ber. Evaporation and transpiration are probably high 
during this period. The organic horizons dry out to 
form a rather impenetrable mat. These factors and 
others produce a distinctive variant of the spruce-fir 
forests of other regions both in dominant and secon- 
dary vegetation. There is no spruce in the overstory, 
a single species of Abies making up almost this whole 
stratum. The shrubs are few and poorly developed. 
Of the two herbaceous unions, the Pirola-Corallo- 
rrhiza union does show relationship with spruce-fir 
forests in general but the Chrysopsis-Monardella 
union is the product of this particular Sierran eli- 
mate. The Abietum magnificae is thus shown to be a 
climax forest association bearing an ancestral relation- 
ship with the spruce-fir boreal forest but adapted to 
the winter wet-summer dry climate of the central 
Pacific coast of North America. 


SUMMARY 


1. Geobotanical studies were carried on during the 
summer of 1941 on the virgin red fir (Abies mag- 
nifica) forest of the Sierra Nevada of California. 

2. Sixteen representative stations were selected for 
study which ranged from the south rim of Yosemite 
Valley to Lassen Peak. Presence lists and field notes 
were made at all stations. Five stations were inten- 
sively studied in regard to vegetation and soils by 
means of quadrats, soil samples, and subsequent lab- 
oratory analyses. 

3. The distribution of the association is shown to 
be related to a geological history involving uplift and 
glacial activity that have produced relatively new 
sandy soils at medium-high altitudes, the subalpine 
zone of the Sierra Nevada. The best development of 
the type is on the deepest soils. 

4. The limitation of the association to this zone is 
shown to be correlated with the prevailing climate, 
using climatological and snow survey data. The eli- 
mate is characteristically winter wet with extremely 


a 


menor: 
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heavy snowfall and summer dry with a short cool 
growing season. 

5. The association is designated the Abietum mag- 
nificae consisting of at least three and usually four 
unions of vascular plants and at least one eryptogamic 
union represented by a corticolous lichen. 

6. The arboreseent stratum is occupied by the Abies 
magnifica union, of which other species (Pinus monti- 
cola, P. contorta, Tsuga mertensiana, Abies concolor) 
make up a fairly constant but minor part. The 
frutescent stratum consists of the Ribes-Symphori- 
carpos union represented by few individuals of still 
fewer species. 

7. Two unions make up the herbaceous layer. 
These are (1) the Chrysopsis-Monardella of auto- 
phytic, non-evergreen plants, a union which is essen- 
tially Sierran or western American and is best ex- 
pressed in semi-open stands, and (2) the Pirola- 
Corallorrhiza of saprophytic or evergreen herbs, a 
predominantly ericaceous group of species which is a 
Sierran variant of a transcontinental union and is 
best developed in closed red fir stands. 

8. The Abietum magnificae is the Sierran example 
of the spruce-fir boreal forest. As such, it constitutes 
the true climax at medium-high elevations in the 
Sierra Nevada with a vegetational constitution 
adapted to wet winters with heavy snowfall and to a 
short growing season which is dry and cool. 


Ecological Monographs 
Vol. 13, No. 3 
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CATTLE DROPPINGS AS ECOLOGICAL UNITS 


INTRODUCTION 


This study is ‘presented as a contribution to a 
knowledge of the succession and relative numbers of 
animals as illustrated by the assembly in the dung of 
cattle in open pastures. 

Choice of this microhabitat was governed by the 
faith that small, fast-changing environments, which 
harbor a few familiar insects, ean be made to supply 
quick knowledge concerning principles of succession ; 
that a detailed structural study of communities is nee- 
essary to a better understanding of their make-up and 
that possibility of experimental manipulation of its 
fauna, based on knowledge of its normal suceession 
and numbers, is of great value. 

Since a knowledge of life eyeles and habits is fun- 
damental to an understanding of presence and num- 
bers of animals, it is supplied in some detail for each 
species found in the early stages of change which 
dung undergoes. 

The author expresses his gratitude to Professor 
C. L. Metealf, of the Department of Entomology, and 
to Professor V. E. Shelford, of the Department of 
Zoology, for suggestions and support during the 
course of this investigation; and to Dr. H. H. Ross of 
the Illinois Natural History Survey for much advice, 
technical help and encouragement. 

Gratitude is tendered to each of the following tax- 
onomists, without whose experience and patience in 
naming selected specimens this study would have been 
impossible: J. M. Aldrich, U. S. National Museum, 
Diptera; H. S. Barber, U. S. Department of Agrieul- 
ture, Ptiliidae; W. J. Brown, Canadian Department 
of Agriculture, Aphodiinae; H. E. Ewing, U. S. De- 
partment of Agriculture, Acarina; J. W. Folsom, U. 
S. Department of Agriculture, Collembola; C. A. 
Frost, Framingham, Massachusetts, Coleoptera; A. B. 
Gahan, U. S. Department of Agriculture, Cynipiodea; 
C. T. Greene, U. S. Department of Agriculture, Psy- 
chodidae; W. P. Hayes, University of Illinois, Copri- 
nae and Geotrupinae; O. A. Johannsen, New York 
State College of Agriculture, Chironomidae; C. F. W. 
Muesebeck, U. 8S. National Museum, Cynipoidea; H. 
H. Ross, Illinois Natural History Survey, Diptera 
and Hymenoptera; L. H. Weld, Figitidae. 


HABITAT AND METHODS 


The following notes on succession and numbers of 
bucoprophilous inseets, i.e., those having a liking for 
cow dung, were drawn almost entirely from droppings 
of cattle in unwooded pastures at Urbana, Illinois, be- 
tween October 1, 1930 and January 1, 1934. The notes 
on surface populations were drawn from droppings 
between 18 centimeters and 23 centimeters in diam- 
eter, a normal size; and those on internal populations 
were drawn from 1000 eubie centimeters of dung, 
which in most cases included from one half to one 
third of the droppings. The surface counts were made 


on sunny days when there was relatively little wind. 
Very strong wind affected populations greatly and it 
was not possible to make a complete study under such 
conditions. 

Estimates of internal populations were generally 
obtained by counting insects reared in the laboratory 
to any stage which separated itself from dung. For 
this purpose the dung was placed on a wire holder in 
a glass cage covered with a paper towel. Since some 
species like Aphodius beetles separated out completely 
within a few hovfrs, and others like Sepsis and antho- 
myid flies, only after some deaths accompanying com- 
plete growth and development, the count is somewhat 
differential. In order to guard against abnormal death 
rates, the dung was placed in cages shortly before 
the particular group of species for study were due to 
emerge. 

The larger species were frequently picked out by 
hand with equal accuracy, but with greater loss of 
time. 

In order to get a preliminary estimate of the rela- 
tion of populations to habitat, Dr. H. H. Ross and 
the writer examined a considerable number of cattle 
droppings under dense shade on low moist ground in 
a swamp in Johnson County, Illinois, and others on 
dry sunny hillside pastures in the same county. 

Droppings on the sunny hillsides had approxi- 
mately the same fly fauna found so familiar at Ur- 
bana, namely, horn flies (Haematobia) ; sareophagid 
flies; false bluebottles (Cryptolucilia); and others. 
The adult flies were numerous on the fresh droppings 
and their larvae were common in the droppings. 
Sepsis flies swarmed over many of the droppings. 
The tumblebug (Canthon) was abundant. 

Droppings in the shady swamp were extremely dif- 
ferent. No horn flies were bred from them; sareopha- 
gid flies were not ovipositing in numbers so familiar 
in the sun; false blowflies were absent, and Sepsis 
flies were not swarming over the droppings. The sur- 
face of the droppings had a dearth of fauna. 

Inside, instead of the larvae named above, was a 
population of entirely different make-up. Morellia 
micans was the most numerous muscoid maggot, ap- 
parently replacing false blowfly and sareophagid 
maggots. Aphodius larvae were abundant. So also 
were larvae of the fly Rhyphus, probably punctatus. 

Only in the later stages did the fauna resemble that 
of the dry pastures. Stratiomyiid larvae and pupae 
were abundant in these but they were Geosargus 
elegans Lw., not G. cuprarius Linn. 


ACCOUNT OF WEATHER AND ITS 
POSSIBLE EFFECT 


During the period of this investigation, from Octo- 
ber 1, 1930 to January 1, 1934, the weather was dry 
and warm, remarkably so in 1930. 











The following accounts taken from the United 
States Department of Agriculture weather report for 
the Illinois section pictures the trend of the weather. 

“Never before [1930] so far as climatological ree- 
ords show, has there been a year of such diverse 
temperature extremes or with a drought of such 
severity.” “The central division [of Illinois] suffered 
severely. January was cold, wet, and snowy. Febru- 
ary was unusually mild with light snowfall. A re- 
markably severe snowstorm occurred on March 25th 
and 26th. April was warm. During July and August 
there were numerous days with the temperature ex- 
ceeding 100°.” Root (1930). 

“This year 1931 was unusually warm, the temper- 
ature being above normal in all months but Mareh 
and May. January, February, September, November, 
and December show excesses of 6° to 9°. In general, 
precipitation was below normal the first half of the 
year, and above the latter half. For the state it was 
the warmest year except 1921.” Root (1931). 

“Temperature, considering the entire year [1932] 
averaged slightly above normal; however, there were 
unusual contrasts. January and February were the 
mildest first two months of the year in the climatolog- 
ical history of the state. March averaged not only 
colder than any month of the winter of 1931-1932, but 
was the fourth coldest month of the year. Mostly sea- 
sonable temperatures were the general rule from April 
to November inclusive. November averaged unseason- 
ably cold, while in December temperature contrasts 
were marked. The precipitation average for 1932 for 
the state was slightly in excess of normal, this excess 
being due to considerably heavier precipitation in the 
southern than in the northern divisions in January, 
September, and December.” Holeomb (1932). 

“The year 1933 as a whole was warm and dry, with 
snowfall only approximately half of the normal. Jan- 
uary was exceptionally mild, and June, September, 
and December also averaged much above normal. It 
was the warmest June in 56 years. There was an ex- 
ceptionally large number of days with 90° or higher. 
October was the only month of the year with temper- 
ature definitely below normal, although the first half 
of February was severely cold which was largely off- 
set by mildness the latter part of that month. An 
exceptionally wet spring was followed by persistent 
deficiency of precipitation which continued quite gen- 
erally during the remainder of the year.” Holeomb 
(1933). 

Since the observations on bucoprophilous insects 
were intended to discover the order of succession and 
relative numbers, no elaborate effort was made to dis- 
cover how weather affected their numbers. The above 
weather records are offered only to show whether or 
not the conditions were extreme or otherwise. 

That the faunal composition may change greatly 
even within the range of weather changes that one re- 
gards as not very extreme, is shown by the fact that 
droppings remained in moist condition much longer 
during the cool rainy summer of 1942 than during the 
period described above; this permitted Sepsis and 
Leptocera to breed continuously in a given dropping 
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for a week or more longer than they were found to 
breed in a given dropping during the period when 
most of this study was being carried on. 

There are certain indications, not proven however, 
that Sarcophaga lherminieri might be more common 
in droppings at Urbana during 1942, than when the 
writer did most of his work. Aldrich, 1916, stated 
that this form “seems to become rare southward at 
about the latitude of Washington and the Ohio 
River,” and that farther south it is replaced by the 
variety known at that time as ochracea and now 
known as sueta. In our own collecting Dr. Ross and I 
have found lherminieri with greater ease in northern 
than in southern Illinois. 

It is my impression that the false bluebottle fares 
better during dry than during wet seasons and Pratt, 
1912, stated that dry weather prevents development 
of the horn fly whereas a series of showers invariably 
brought about a sudden and conspicuous increase in 
numbers. 


SYSTEMATIC TABLE OF ARTHROPODS 


COLLECTED 
ACARINA PaGE 
Parasitidae 
Ce IES a ee ee A rT. 
COLLEMBOLA 
Achorutes maturus Folsom........................296 
Proisotoma immersa (Folsom).....................296 
COLEOPTERA 
Hydrophilidae 
Sphaeridium scarabaeoides (Linnaeus)..............290 
Sphaeridium bipustulatum Fabricius...............293 
Cercyon haemorrhoidalis (Fabricius)................294 
Cercyon pygmaeus (Illiger)........................294 
Cercyon quisquillius (Linnaeus)...................293 
Staphylinidae 
Oxytelus sp. . SCE eRe rE 
Platystethus americanus idan. Maas kis 62 byes 
Philonthus tetragonocephalus ikintin. PEC ROe: 
Philonthus varians (Paykull)......................294 
Quedius capucinus (Gravenhorst).................. 00 
Tackyporus foosame Bay... onc ccc ccc ce sencess 
Metaraya sp. . Bi Soest ig Sead eis ok 
Dimetrota vecsndiie ‘Exicheon.. Nid.xce sda d aie oe acer ee 
Falagria dissecta Erichson . Bas a Rie ree cate ha ae 
Baryodma bimaculata Graveuhorst.. Gees sae Cceun ae 
Ptiliidae 
Acrotrichis aspera (Harold).......................296 
Histeridae 
Hister abbreviatus Fabricius.......................293 
Hister americanus Paykull.......................293 
Scarabacidae 
rT | 
Pinotus carolinus (Linnaeus) ....................296 
RP es SOP e ee re eee Tear ee 
Onthophagus hecate Panzer...... . oe ah sbuak sie ce 
Onthophagus pennsylvanicus ated. BS t= & au cookie ae 
Aphodius terminalis Say. . “a Swi inane Nn 
Aphodius haemorrhoidalis Cidessinaa) . db Alam a wore 
Aphodius fimetarius (Linnaeus)...................294 
Aphodius ruricola Melsheimer....................295 
Aphodius granarius (Linnaeus)....................292 
Aphodius vittatus Say . . anes reais gd Usenet Se 
Aphodius sterocorosus Melehelmer . SE RG 
Aphoiins Gioslor Bay... 2. ce ccc cece ss MOB 
Aphodius distinctus Mueller......................291 
Aphodius femoralis Bay... ........ ccc cece cece ee OOk 
Ataenius strigatus (Say)... .. 2.2.2... cece ce cee ee 292 
Geotrupes splendidus (Fabricius)...................296 
Geotrupes blackburni (Fabricius)...................296 
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SYSTEMATIC TABLE OF ARTHROPODS COLLECTED 


CATTLE DROPPINGS AS EcoLoGicaL UNITs 


(Continued) 
PaGE 
Ligyrus gibbosus De Geer. . .296 
Euphoria inda (Linnaeus) .... . ..295 
DipTERA 
Rhyphidae 
Rhyphus near punctatus (Fabricius)... . . 00 
Tipulidae 
pe er rr 
Psychodidae 
Psychoda cinerea Banks. ...................+++-+-+296 
Chironomidae 
Smittia sterocorarius De Geer.....................296 
Cecidomyiidae 
Monardia tllinoensis Felt... .. 2.05. ccc ceccccsecee O 
Sciaridae 
PE PI Ee Ee ey eee 
Scatopsidae 
Rhegmoclema atrata (Say)... ... 2... 66 6c ee ee ee eee 296 
Stratiomyiidae 
Geosargus elegans Loew............ 00 
Geosargus cuprarius (Linnaeus)...... 292 
Geosargus viridis (Say)...... 293 
Sarcophagidae 
Sarcophaga sueta Van der Wulp...................284 
Sarcophaga lherminieri Desvoidy 285 
Sarcophaga pusiola Van der Wulp.................285 
Sarcophaga ventricosa Van der Wulp...............285 
Sarcophaga stimulans Walker....... . 285 
Calliphoridae 
Cochliomyia macellaria Fabricius..................287 
Muscidae 
Haematobia irritans (Linnaeus)....................284 
Stomaxys calcitrans (Linnaeus) 287 
Cryptolucilia caesarion Meigen = 
Pseudopyrellia cornicina of authors..........287 
Musca domestica Linnaeus........ . . .286 
Morellia micans (Macquart)...................... 00 
Anthomyiidae 
Myiospila meditabunda (Fabricius) . . . . .288 
Hydrotaca armipes Fallon. ... . 2... ccc cc oe Be 
Paregle cinerella (Fallen)......... . .286 
Hylemyia cilicrura (Rondani). . . .286 
Borboridae 
SIR Soca pes aca Sade aac ...288 
Coprophila equinus (Fallen)...... . .289 
Coprophila sp. undescribed......................-289 
Borborus marmoratus Beck.......................289 
Borborus geniculatus Macquart...................289 
Scatophagidae 
Scatophaga furcata Say................ . .289 
Scatophaga sterocoraria (Linnaeus).................290 
Lonchaeidae 
ee aA ee 
Sepsidae 
Sepsis violacea Meigen................ . .287 
Drosophilidae 
Drosophila busckii Coquillett.....................286 
HYMENOPTERA 
Alysiidae 
Aphaereta muscae Ashmead......... . 286 
Asobara lineata Viereck . . ee thay . 284 
Idiasta or Phaenocarpa sp. undescribed........... .286 
Diapriidae 
oe EES PP EOE TE: 
Figitidae 
Xyalophora quinquelineata Say....... . 285 
Kleidotoma sp. undescribed.......................284 
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SURFACE SUCCESSION DURING SUMMER 


Adult flies, parasitoid wasps, and beetles visit eat- 
tle droppings in numbers. Most of the beetles arrive 
singly or in small numbers, and soon enter the drop- 
pings so that only a few individuals, if any, may be 
seen on the surface at any given time. Stated in 
another way, the representation of any one species of 
beetle on the surface is likely to be discontinuous. 
Much the same condition has been found true of the 
parasitoid wasps. 

Flies, on the other hand, are more numerous, 
usually attain continuous representation, and show a 
distinct and gradual increase to a peak of abundance 
followed by a decline. The peak occurs roughly about 
half way between the beginning of period representa- 
tion (Fig. 1) ard the end. The peaks are most evi- 
dent early in the succession. 

Some species reach this peak early, and others 
reach it late, but no two appear to reach their peaks 
at the same time, there being a definite succession of 
such peaks determined by the species involved. 

During June, July, August, and part of September, 
such a surface succession on a new dropping begins 
with that constant attendant and pest of cattle, the 
horn fly, Haematobia irritans, which reaches its peak 
of abundance almost instantly and disappears entirely 
before two minutes have passed. 

Details of its activity are well described by Riley 
and Howard (1889) who wrote “One animal was for- 
tunately observed, from close quarters, in the act of 
passing her dung. As the operation commenced, forty 
or fifty of the flies moved from the flank to the back 
of the thigh near the ‘milk mirror’ and at the close of 
the operation they were seen to dart instantly to the 
dung and to move quickly over its surface, stopping 
but an instant to deposit an egg. Most of them had 
left the dung at the expiration of thirty seconds, while 
a few still remained at the expiration of a minute. 
Every individual had returned to the cow, however, 
in little more than a minute.” 

Many individuals are prepared for even faster 
action, for some move from the flank to the ankle to 
await the close of the operation. 

The remainder of the succession determined by 
periods of abundance of common flies is shown in the 
accompanying table (Fig. 1.) 

It often happens that a new cake is dropped near 
one or more older ones bearing flies which prefer the 
older dung for oviposition but which swarm to the 
new dropping, thereby introducing an apparent de- 
viation from the order listed above. Observation will 
show that oviposition does not take place immediately 
and that the peak is not reached immediately even 
under these conditions. Early individuals of Cryp- 
tolucilia, for example, may actually arrive before 
Sareophaga under such circumstances simply because 
they happened to be on nearby dung. 

The nature of a succession depends somewhat on 
seasonal variation in the numbers of individuals of 
the different species concerned. 
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Fig. 1. Periods during which adult flies were present on droppings. 


Haematobia is, for instance, the most available in- 
sect by position, and undoubtedly by its desire for 
freshness of the breeding medium; but when the 
beetle, Aphodius distinctus, flies in enormous numbers 
during the fall it is frequently present on a new drop- 
ping before the horn fly. 

Such irregularity does not, however, apply to peaks 
of abundance. These succeed one another in definite 
order, whether the dung changes slowly or rapidly, 
even if the relative numbers of individuals of each 
species varies greatly. 

A gradual inerease in both numbers of species and 
numbers of individuals accompanies the physical 
changes and increment of time for somewhat over a 
week. From this time on a gradual decline takes place 
as the dung becomes very dry, or as it becomes more 
like the soil; though as it approaches the latter condi- 
tion, it actually becomes available to a greater pos- 
sible range of animals. When dropped in a forest, 
soil insects characteristic of woods invade it; when 
dropped in a field, soil insects characteristic of fields 
invade it. 

In densely shaded woods, the phys:cal changes 
noted above do not obtain. Rain affects the changes 
considerably. 

After Haematobia adults have reached their peak 
in the cake, there follow abundance peaks for Sar- 
cophaga, Paregle, and Cryptolucilia. The various 
species of Sarcophaga arrive at the cake at the same 
time and show little difference among themselves in 
succession; on this basis these different species of 
Sareophaga appear to be ecological equivalents. 

The other flies, Sepsis violacea, a small black slender 
fly, and Leptocera sp., a minute fly, reach their peak 
in three or four days, but have not been studied ade- 
quately to warrant more than descriptive summary 
beyond the first few hours. Rainfall, wind, sunshine, 
and humidity greatly affect the duration of visits by 
Sepsis and Leptocera. 

Sepsis has been found to be uncommonly abundant 
during the latter part of April and in May. When a 


cake is in proper condition late in the first day or 
during the second day of exposure it may bear around 
45 adults, but the number is highly variable due 
largely to diurnal rhythm. Leptocera, common 
throughout the season, builds up to a peak of over a 
hundred individuals during the first day of exposure 
of a dropping but presents such difficulty in counting 
due to the habit of hiding in crevices, that insuffi- 
cient data have been gathered. Both of these flies are 
abundant early visitors which remain several days 
longer than any of the others. The passing of Lepto- 
cera from the surface marks the end of continuous 
surface representation by any insect. 
DURATION OF SURFACE SUCCESSION 

The succession sketched above, beginning with Hae- 
matobia and ending with Leptocera, usually requires 
from five to eight days (Fig. 1), depending upon the 
degree of wetness of the dung and the drying power 
of the weather. In one observed ease thirty-five min- 
utes passed before either Sarcophaga or Paregle 
found the surface sufficiently dry to attain continuous 
representation and to begin breeding. Many indi- 
viduals of each species accumulated on nearby grass 
blades and oceasional individuals tried the surface 
lightly from time to time but left immediately. When, 
however, the dung did become dry enough, Sareo- 
phaga, delayed ten minutes, reached its peak at one 
hour and twenty minutes and was continuously pres- 
ent for three hours and thirty minutes. Pareglea 
reached its peak at one hour and forty minutes and 
Cryptolueilia reached its peak at around eight hours. 
The last, Leptocera, were present on the fifth day. 

In another ease when the dropping was relative'y 
dry, the whole succession was telescoped, Sareophaga 
having reached its peak in ten minutes, Paregle in 
forty-five minutes, Cryptolucilia in three hours, and 
Leptocera by the middle of the third day. 

It 1s a common occurrence for cattle to drop dung 
around dusk when drying is slow. Small numbers of 
Haematobia oviposit if the evening is warm, but if 
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cool they do not oviposit. In either case, the drop- 
ping is frequently suitable for the succession to begin 
on the next day, with Sareophaga or Paregle, but oe- 
casionally only with Cryptolucilia or later flies and 
beetles. Such a condition commonly accounts for 
much variation in future larval populations. 

Dung frequently is so wet that, when dropped, it 
spreads thinly. Sarcophaga flies seem to avoid such 
droppings for some reason, but the Paregle usually 
lay great numbers of eggs in it before early drying 
kills the eggs and prevents Cryptolucilia from carry- 
ing on the succession. 


TYPES OF POPULATION CHANGES 

Comparison of numerical changes of these species 
show two well-defined types. One, illustrated by the 
activities of Haematobia, Paregle, Sarcophaga, and 
Cryptolueilia, is characterized by a relatively rapid 
rise to a peak population and a rapid decline; and 
the other, common to most of the other flies, is char- 
acterizéd by a relatively slow rise and a relatively 
slow decline. 

It is important to note that those species with the 
shortest period of representation on the surface of a 
droppings are the early visitors with limited oviposi- 
tion or larvaposition periods somewhat corresponding 
to relatively rapid changes in the early physical con- 
ditions of dung and that no species with such sudden 
changes in numbers has been found late in a sueces- 
sion. These species with relatively gradual fluctu- 
ations, Sepsis and Leptocera, may oviposit early, but 
early oviposition is not obligatory to them, their range 
or adaptability being greater than that of the early 
flies. Adults of these species are present on droppings 
for a week or even longer and evidently oviposit 
under the edges and in beetle runways during most 
of that time. The earlier stages in a succession are 
the most ephemeral while the later stages are the 
longer lasting. 


INTERIOR SUCCESSION 


Interior succession (Fig. 2) during the summer be- 
gins, like surface succession, with the larvae of Hae- 


matobia, the eggs of this species being the first insect 
life present. Before five minutes have elapsed, larvae 
of Sareophaga are likely to be present, followed by 
eggs of Paregle, Sepsis, Cryptolucilia, and possibly 
Leptocera. The hydrophilid beetle, Sphaeridium 
scarabaeoides, soon arrives to oviposit and is followed 
in the next few days by others, mostly Aphodius and 
short-winged beetles, many of them carrying mites. 
The wasp, Xyalophora quinquelineata, arrives soon 
after Sarcophaga to parasitize its newly laid larvae, 
and is followed during the next few days by wasp- 
parasites of other flies. Over a hundred and fifty in- 
sects more or less characteristic of dung make up a 
complete succession in the weeks during which drop- 
pings gradually lose their individuality and become 
restored to the soil, and inhabited by soil animals. 

Since this study was chosen in an effort to establish 
a near optimum balance between a study of the bi- 
ologies of the inhabitants and their niche in the sue- 
cession, it was limited, not too arbitrarily, to include 
that period in which Cryptolucilia or Sareophaga 
maggots are present, which is about five days long 
during the summer, and which is here considered to 
constitute the first microseral stage of which these two 
flies are zoometers. 

The two species were chosen because at least one of 
them is present at almost any time during the growing 
season; because they are considered to exert a large 
influence over the course of a succession by reason of 
their bulk, numbers, and activity; and because they 
are early species and cease their activity at very 
nearly the same time as do the early flies and beetles 
which live with them. 


RELATIONS OF FLIES, BEETLES, AND 
PARASITOID WASPS 

When a four-day-old dropping is opened, many 
larvae of flies, and adults and larvae of beetles are 
exposed. Staphylinid larvae and adults run wildly 
over the surface until they dash into a newly found 
burrow or crevice, while the slow-moving larvae of 
flies, and hydrophilid and histerid beetles are more 
likely to dig their way in. 
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Fic. 2. Periods during which predominant maggots were present in early stage droppings. ——Egg and larval 
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Fig. 3. Predator and parasite relations of the immature stages of common scavenger species in droppings. 


The burrows which are found in such a dropping 
form a great network left by larvae of at least half 
a dozen flies, and of the Sphaeridium beetles, most of 
which preceded the staphylinids in the succession. 
The latter are therefore dependent to some extent on 
activities of the former. 

When the Philonthus staphylinids arrive at newly 
dropped dung, they dash, as described before, over 
its surface and enter the burrow of Sphaeridium, or 
run under the edge where they work between the soil 
and the dropping. When the parasitoid wasp, Xyalo- 
phora, arrives, it walks slowly over the dung and fre- 
quently walks down the burrows of Sphaeridium, 
probably ovipositing. The dependence of Xyalophora 
on beetle burrows is evident and possibly measurable. 

Probably the most obvious relation between the 
flies, beetles and parasitoid wasps is the predator- 
prey one, such as exists between the hydrophilid 
larva, Sphaeridium scarabaeoides, and dipterous lar- 
vae (Fig. 3) or such as exists between the parasitoid 
wasp, Xyalophora quinquelineata, and the larvae of 
Sarcophaga sueta which is slowly killed by parasitoid 
activities of the wasp. In the first case an individual 
substitutes itself in the biologie system for several in- 
dividuals of another species by its predatory activi- 
ties. In the second ease an individual substitutes itself 
for a single individual of another species by similar 
activities. 

Nearly as obvious are certain cases of competition 
for food. The large beetle, Pinotus carolinus, for ex- 
ample, removes so much of a dropping in a single 
night that larvae of flies, if not removed with it and 
destroyed in the process, are left to starve and some- 
times to dry beneath an inedible crust. The destruc- 
tion of life by one beetle commonly amounts to that 
conta:ned in an entire cake. 

Competition for space becomes particularly obvious 
and measurable during the fall when the beetle, 
Aphodius distinctus, mills about on the surface of a 
dropping, jostling flies which come to oviposit and 
breaking up any egg masses which have been laid. 


During the height of their activity, droppings are 
completely riddled by the Aphodius. 


SURFACE SUCCESSION DURING SPRING 
AND FALL 


Flies have been observed to show the following sea- 
sonal presence as adults on cow dung in the open 
pasture near Urbana. 

Scatophaga furcata, a large yellowish, hairy fly; 
Myiospila meditabunda, a large dusky fly; and Copro- 
phila equinus, a dark, medium-sized, angular-legged 
fly, are the most conspicuous part of the fauna during 
early spring (Fig. 4.) M. meditabunda may breed 
throughout the summer under suitable climatie or en- 
vironmental conditions but when the summer became 
warm and dry, it disappeared from the open pasture. 
It has however been found in densely shaded pastures. 
B. geniculatus, with its smaller relative, B. marmora- 
tus are usually very numerous, frequently reaching 
numbers well above fifty. 

Paregle and Sepsis are at this time uncommon on 
dung, though adults appear early in the growing sea- 
son and become very common. Borborus, apparently 
non-breeders, are commonly but irregularly abundant, 
while Seatophaga and Myiospila, less common but 
very regular in representation, reach their peaks of 
abundance slowly but at separate periods; Myiospila 
being the latest fly. In early spring, these two flies 
have approximately the same successional position on 
the surface as Cryptolucilia does in summer. 

Late fall successions on newly dropped dung are 
similar to the late March or early April successions. 
The Borborus and Seatophaga, having disappeared 
from fresh droppings during the summer, are again 
represented in numbers during the fall and Myiospila 
again increases in numbers. The summer fauna has 
disappeared and the succession of common ovipositing 
flies is again Seatophaga and Myiospila. 

The likely species composition of successions at any 
time of a year may be judged by use of the table 
(Fig. 3). 
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Fic. 4. The likely species composition of successions at any time of a year may be judged by use of this table. 


HIBERNATING INSECTS IN FRESH 
DROPPINGS 


Any dung which is dropped shortly before the first 
killing frosts usually contains the following insects 
hibernating in numbers: 

Pink cecidomyid larvae (nearly 1 millimeter long) 
of Monardia illinoensis 

Puparia of Sepsis violacea 

Adults of Cerecyon quisquillius 

Puparia of Paregle cinerella 

Adults and pearly round eggs of Aphodius fime- 
tarius 

Puparia of Scatophaga furcata, and Myiospila 
meditabunda. 


PHYSICAL CHANGES OF DROPPINGS 


Although droppings vary greatly in water content 
and are exposed to variable drying conditions, they 
show similar changes in color and consistency. When 
dropped they are usually gleaming wet and greenish 
brown, and pass through the following more or less 
distinet stages: 

Greenish brown with distinet tarnish and film 

Uniformly brown and moist 

Blackish brown with moist depressions 

Brown with distinetly dry erust 

Light brown with very thick crust 

Light brown chip, dry throughout. 

The first three changes occur during the first day 
when the dung is dropped early in a forenoon. If it 
is dropped later in the day, night conditions greatly 
slow the process. The fourth condition progresses to 
such a degree during the third day as to become un- 
attractive even to the long-staying Leptocera. Com- 
plete drying depends largely on the weather, but fre- 
quently progresses to a degree which destroys the slow 
growing Aphodius fimetarius in thirty days. 


The earlier stages are the shorter ones, correspond- 
ing somewhat to the time selected for oviposition by 
the flies. Haematobia lays its eggs while the cake is 
gleaming wet and untarnished; Sarcophaga after tar- 
nishing and filming oceur and while the dropping is 
uniformly brown and continues until a distinet crust 
is formed. Sepsis and Leptocera continue to oviposit 
for many days, making use of moist erevices and 
beetle holes. 

All but one species of insect were observed to arrive 
at droppings by flying or walking up-wind, possibly 
in response to wind-blown odors, the nature of which 
changes during the first day from a musky sweetness 
to an unpleasant stink. All of the large flies finish 
laying their eggs during the first day, but strangely 
enough may reappear later in large numbers if the 
erust, which seals in much of the odor, is removed, 
though they will not again oviposit unless the opera- 
tion is performed very soon after their natural peak 
is passed. 

Haematobia is the only insect observed which was 
not highly dependent upon the wind, and perhaps 
upon odor, for its direction of approach. This is pos- 
sibly due to its close presence at the time of dropping 
and conditioning to the movements of its host. 


THE MICROSERE AND ITS STAGES 


Larvae of Haematobia irritans, Sarcophaga sueta, 
Paregle cinerella, Cryptolucilia caesarion, Sepsis 
violacea, Myiospila meditabunda, Sphaeridium scara- 
baeoides and other insects associated with them form 
such a well-defined group which attain their growth 
together and pupate at about the same time. Though 
it is true that, before they attain their complete 
growth, young larvae of Geosargus cuprarius, Sphae- 
ridium bipustulatum, Hister abbreviatus and others 
are found associated with them, the pupation of the 
first group leaves the latter isolated, distinet, inter- 
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dependent among themselves and therefore compo- 
nents of a distinct second stage. 

Before the second group attains its growth, larvae 
of Aphodius fimetarius and A. haemorrhoidalis begin 
their growth; these in turn, are isolated by the pupa- 
tion and emergence as adults of the group preceding 
it in the succession. 

Since these groups seem sufficiently distinct and 
since microhabitat eventually becomes a homogeneous 
part of the larger community, the entire change may 
be called a microsere and each distinct division or 
stage of it, a microseral stage. These terms were sug- 
gested by Professor V. E. Shelford. 

The first stage has received the most consideration 
during the course of this study because of its chron- 
ological position; beeause of its complexity; and be- 
cause it is made up of some, if not all, of the insects 
specific to cow dung. 


SPECIES COMPONENTS OF THE FIRST 
MICROSERAL STAGE 


Haematobia irritans Linnaeus 

Successional Position: During its active season the 
horn fly is the first insect to visit newly dropped cow 
dung. Females lay small numbers of eggs singly and 
horizontally on the shining wet surface during the 
first two minutes and usually within a minute and a 
half, after which adults of this species disappear 
from the dropping. Representation was relatively 
irregular, though continuous. 

Breeding Media and Food: This fly is known to 
breed naturally only in fresh cow dung. Riley and 
Howard (1889) managed to rear four adults from 
horse dung under unnatural conditions by confining 
many adults in breeding cages containing only horse 
dung. Larvae, boiled in an aqueous solution of potas- 
sium hydroxide, reveal masses of ingested matter 
looking like fine particles of cellular material in dung. 
They evidently ingest this with other fecal contents. 
Any ingested matter is regarded as food in this paper. 
Blood of living cattle is the natural food of the adult 
fly which is a pest of cattle. 

Appearance and Activity: Adults are medium-sized 
gray flies nearly four millimeters in length, which 
flutter their wings as they move quickly over the 
shining wet and untarnished surface of the dropping 
while laying their eggs. The larva is whitish and 
attains a length of seven millimeters. Puparia are 
brown and oval, and are best identified by examina- 
tion of their stigmal plates which are similar to those 
of the larva. 

Numbers cf Adults: One hundred and sixty-three 
larvae were recovered shortly before pupation from a 
eake dropped at noon, June 20, 1931. The average 
from twenty-five cakes is 151.7, dropped between nine 
o’clock, forenoon, and four o’clock, afternoon, during 
the summer months. Sinee all observations on abun- 
dance were made in an area where cattle are treated 
to repel the fly, this figure is very probably an un- 
natural one, lower than that which the fly maintains 
when not interfered with by man. 
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Pupation: Riley and Howard found that pupation 
took place in loose soil under dung placed in breeding 
cages. Several dozen reared by the writer had pupated 
in the dropping but this is not the common habit. 

Seasonal Activity: The species hibernates in its 
puparium chiefly in the soil beneath its breeding me- 
dium. Emergence of adults takes place during April 
or early May. Breeding is continuous until the early 
frosts of October. 

Life Span: About twenty days according to Riley 
and Howard and twelve days in the laboratory at room 
temperature from eggs laid at Urbana on October 26, 
1932. The egg and larval stage usually require five 
days of this period and the presence of any develop- 
mental stages in numbers indicates that droppings 
containing them are less old than the time required 
for those stages to complete their growth. 

Sex Ratio: Fifty-six percent were females as de- 
termined from 225 individuals reared between March 
and July. 

Kleidotoma sp. undescribed 

Host: Haematobia irritans. Three specimens were 
reared from puparia of this fly collected in dung on 
August 2, 1931. 

Phaenopria sp. 

Host: P. haematobia has been recorded as a parasite 
of Haematobia irritans and others as from Diptera in 
general. 

Successional Position: During February 1931, four 
specimens were reared from dung which contained 
puparia of H. irritans, Paregle cinerella, and Sepsis 
violacea, therefore evidently belonging in part at least 
to the first microseral stage. 


Asobara lineata Viereck 
Host: Probably dipterous larvae. 
Only one specimen of this was reared from cow 
dung and from the first microseral stage. 


Sarcophaga sueta V. d. Wulp 

Successional Position: Females have been observed 
larvapositing in cakes exposed only five minutes and 
in cakes up to three hours old, but the peak of abun- 
dance on any one cake is usually reached in about 
half an hour. The representation on the surface is 
regular and usually continues, especially when the fly 
is common, as in the summer. 

Breeding Media and Food: Larvae live in and feed 
on excrement of man (Greene 1926), sheep (Wilson 
1932), and eattle. Since adult flies dip their probos- 
cises into wet cow dung, they probably absorb dis- 
solved nourishment from it. 

Appearance and Activity: Adults are large tessel- 
lated gray flies with brick-red eyes. They vary in size 
from over six to about twelve millimeters in length. 
Females move slowly over the surface of dung occa- 
sionally dropping a white larva. 

Numbers of Adults: Thirty-two have been observed 
on a single cake during midseason (June 20, 1932) 
but the average from twenty cakes is only eleven at 
population peak. 
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Numbers of Larvae: The greatest number found in 
dung exposed over twenty-four hours is one hundred 
and twenty. The average from twenty cakes exposed 
the same length of time during the summer months is 
ninety-four. 

Pupation: Pupation takes place in the soil a few 
inches beneath or to one side of the dung. 

Seasonal Activity: The species hibernates in pupa- 
ria in the soil beneath droppings. Adults appear dur- 
ing warm weather of late April or early May and 
breeding is continuous from that time until the frosts 
of October or November. Larvae have been found 
alive in dung up to the time the frosts penetrate 
completely through the cake. 

Life Span: Adults may commonly be reared in 
twelve or thirteen days, four or five of which are 
spent within the droppings as larvae before entering 
the soil during the summer months. These larvae, be- 
ing larger, more abundant, and more regularly pres- 
ent than those of the horn fly, are more useful zo- 
ometers or indicators of the relative age of dung. 

Sex Ratio: Forty-seven percent were females as 
determined from 399 individuals reared between June 
and November. 


Xyalophora quinquelineata Say 


Host: Sarcophaga sueta and probably other Sareo- 
phaga. 

Successional Position: This parasitoid wasp has 
been found to arrive at dung within several minutes 
and to be present intermittently during the entire first 
day, or, if the dung were dropped late in one day, to 
be present on it during part of the next day. Its rep- 
resentation on dung, though regular, is discontinuous. 

Appearance and Activity: Only females have been 
observed at dung. They are black, compressed and 
large, attaining a length of five millimeters. Only one 
has been observed to oviposit into its host. Two S. 
sueta, to judge by their large size, had been larva- 
positing into a ten-minute-old cake late one morning 
while three adult Xyalophora walked slowly over the 
surface. As one of the newly dropped maggots of the 
fly was entering a female Xyalophora thrust her ovi- 
positor into its back. The maggot, evidently pained, 
rose to the surface dragging its parasite almost an 
inch before a strong tug freed it. The maggot then 
burrowed into the dropping. 

Most frequently, Xyalophora females work slowly 
over the surface of the dung, stopping to thrust in 
their ovipositors or to walk down the tunnel of a 
Sphaeridium or Aphodius beetle from which they 
emerge later with their wings smeared with dung. 

Numbers of Adults: Six is the largest number ob- 
served on a single cake which was twenty minutes old 
on July 4, 1931. Three are frequently to be seen on 
cakes less than an hour old, but only a specimen or 
two are most commonly seen. 

Seasonal Activity: Adults appear during the early 
days of May and breeding is continuous throughout 
the summer, ending during the latter weeks of Octo- 
ber. The winter is passed in the puparia of its host. 
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Pupation: Pupae have been recovered from puparia 
of its host and some twenty adults were reared from 
the same stage. 


Sarcophaga lherminieri Desvoidy 

Successional Position: No adults of this variety 
have been distinguished in the field but circumstantial 
evidence indicates that larvaposition takes place dur- 
ing the first day if not while S. lherminieri is larva- 
positing. Great numbers of larvae have been found in 
a few cakes which had every appearance of being 
three or four days old and from which the larvae 
emerged to pupate in the soil a day after discovery. 
They were also associated with larvae of Cryptolucilia 
caesarion which emerged about the same time. 

Breeding Media and Food*t Cow dung is recorded 
as the breeding medium by Aldrich (1916). Dr. H. H. 
Ross and the writer reared this species from pig drop- 
pings in 1942. The larvae feed on the dung. 

Numbers of Larvae: One hundred and twenty-nine 
were taken from a single dropping on September 20, 
1932, and sixty-seven from another on October 15, 
1933. 

Appearance and Activity: According to Aldrich the 
adults average slightly smaller than those of S. lher- 
minieri and are slightly more yellowish gray. It would 
be difficult to distinguish them from the larger species 
in the field. All known Sareophagidae give birth to 
larvae. The larvae of this variety are white and 
similar to those of S. lherminieri, but differ in having 
dark caudal points. 


Sarcophaga pusiola V. d. Wulp 

Successional Position: This species has been found 
to oceur so irregularly that no good idea of its sue- 
cessional position was established. It has been reared 
two times and observed larvapositing only six times 
and was each time found associated with the closely 
related S. sueta. The greatest number of adults ob- 
served on a cake was six, along with ten of the larger 
species, and the greatest number reared was seven 
along with sixty-three of the larger species. The 
average number reared per cake was six. 

Breeding Media: Cow dung. Since only a small 
number of S. pusiola was reared the writer believes 
that this is not the preferred breeding medium. This 
was the only Sarecophaga found in cattle droppings 
in dense shade in southern Illinois. 

Appearance and Activity: These are tessellated grey 
flies of about seven millimeters in length, not easily 
distinguished in the field from small individuals of the 
larger species, either by activity or general appear- 
ance. The above counts of adults were made on cakes 
which subsequently yielded a small number of larvae 
which were reared. 


Sarcophaga ventricosa V. d. Wulp and S. stimulans 
Walker 

During the summer of 1942, Dr. Ross and the 

writer reared both Sarcophaga ventricosa and S. stim- 

ulans from eattle droppings taken at Urbana. Both 

species have also been reared from human excrement 
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by Howard (1900) and Pratt (1912), under the 
names S. assidua and quadrisetosa, respectively. 


Paregle cinerella Fallen 

Suecessional Position: Females of this species begin 
ovipositing into dung within about five minutes after 
it is dropped unless it is exceptionally wet. They 
usually finish in an hour and a half or two hours, at- 
taining their maximum abundanee in an hour or less. 
Representation is generally regular and continuous. 

Breeding Media and Food: Human excrement at 
Washington, D. C. and Virginia (Howard 1900), 
sheep dung (Wilson 1932), horse dung and fresh 
cow dung. Webster, 1900, recorded adults as emerg- 
ing from wheat plants in Ohio, but his method of 
rearing seems unreliable. The larvae are scavengers 
and are known to ingest cow dung. Adults dip their 
proboseis into wet dung and probably absorb nourish- 
ment with moisture. 

Appearance and Activity: Adults are gray flies sim- 
ilar in size and color to the horn fly, but easily distin- 
guished from it in the field in being later visitors, and 
by moving about slowly over the surface of the drop- 
ping, without fluttering their wings, or resting 
quietly while ovipositing. The eggs are thrust singly 
and perpendicularly into the soft wet dung and when 
drying takes place their white upper ends are ex- 
posed, frequently studding the surface thickly. Larvae 
are whitish. Stigmal plates of the puparia resemble 
those of the larvae. The puparia are more slender 
than those of Haematobia. 

Numbers of Adults: Sixty-three have been counted 
at the peak of abundance on a cake dropped June 20, 
1933. The usual number is about half of this and 
often as few as a dozen during late summer, due 
possibly to repressive action of their parasite, Idiasta 
sp. 
Numbers of Larvae: Two hundred and two, the 
greatest number recovered, were taken from a cake 
exposed forty-five hours by May 7, 1933. The aver- 
age is forty-six from twenty-five cakes dropped be- 
tween 9 a.m. and 4 p.m. Although hundreds of eggs 
are laid into each fresh cake during the spring a re- 
covery of one hundred larvae is unusual, possibly due 
to parasitism, for Zdiasta sp. is also abundant at that 
time. 

Pupation: Larvae pupate in the dung. 

Seasonal Activity: Hibernation takes place in the 
puparium in dung. Early adults have been observed 
March 27, 1931, April 1, 1932, and April 7, 1933. 
The latest have been observed October 15, 1931, Oc- 
tober 23, 1932, and October 10, 1933. Breeding is 
continuous throughout the summer. 

Life Span: About fourteen days, as determined 
from twelve adults reared out of doors from eggs laid 
May 1, 1931. The larval stage required five to six 
days of this time. 


Idiasta (Phaenocarpa) sp. 


Host: Paregle cinerella. 
This parasitoid wasp emerged in numbers from 
puparia of Paregle cinerella between May 12 and 


286 CarL O. Mour 


Ecological Monographs 
Vol 


ol. 13, No. 3 
15, 1931. Many of the host flies were observed ovi- 
positing into a newly dropped cake at 10 o’clock on 
May 1. During the afternoon of the next day about 
thirty Idiasta were collected on its surface as they 
moved slowly about ovipositing near the host eggs 
whose exposed ends studded the surface of the dung. 
This dropping was taken to the laboratory on the 
following day and yielded the above rearing records. 


Hylemyia cilicrura Rondani 


Suecessional Position: Hylemyia cilicrura, the 
seed-corn maggot, an economic pest, was found to be 
a very irregular visitor to cow dung and its position 
may only be guessed at from the rearing records. Ten 
specimens were reared on April 11, 1931, from a cake 
which had been dropped in the fall and which yielded 
six horn flies but no other Diptera. The presence of 
the horn fly and the fact that breeding was late that 
spring indicated that the Hylemyia cilicrura may 
have oviposited in the dung within a few days after 
the horn fly and that the larvae were associated in the 
same cake during their growth. It has been reared 
from fresh sheep dung in New Jersey by Wilson 
(1932), and from a wide variety of planted seeds and 
decaying vegetation by many other workers. 


Aphaereta muscae Ashmead 


Host: Hylemyia antiqua (Anthomyiidae). Reared 
by B. H. Walden according to “Hymenoptera, or 
wasp-like insects of Connecticut.” Six were reared 
October 26, 1932, from cow dung which had dropped 
about a week before and which contained the puparia 
of Paregle cinerella, Haematobia irritans, and Sepsis 
violacea. It has been reared from some host in human 
excrement by Howard (1900). 

Successional Position: This species evidently be- 
longs to the first stage of the microsere. 


Figites sp. 

Host: Members of this genus are recorded as par- 
asites in dipterous puparia. 

Successional Position: Three males were reared 
from cow dung brought to the laboratory on Feb- 
ruary 21, 1932, and one female from cow dung of the 
first microseral stage brought to the laboratory on 
August 21, 1931. 


Musca domestica Linnaeus 

Successional Position: Adult houseflies are irregular 
visitors to droppings up to five hours of age, being 
slightly more common during dry or cool seasons, evi- 
dently taking moisture and food at all times and 
warming themselves during the cool season. 

Numbers of Adults: The greatest number observed 
was three on dung slightly more than an hour old. 

Numbers of Larvae: No larvae were taken during 
the present investigation. L. O. Howard (1911) re- 
corded twenty specimens of adults reared from cattle 
dung, August 30, and September 3 and 4, 1889, but 
did not reeord the number, nature or age of the drop- 
pings studied. Comparison of rearing records with 
those for twenty-four species of flies on that author’s 
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list indicates that the twenty individuals were from 
one or possibly two droppings, which suggests that 
breeding in this medium is naturally very rare. The 
writer wonders if these houseflies may not have 
been reared from a manure heap rather than from 
individual droppings. 


Cochliomyia macellaria Fabricius 
Activities of this flesh fly are similar to those of 
houseflies at cattle droppings. The odor of fresh 
droppings evidently attracts them but only a few, if 
any, individuals arrive. Adults have been observed to 
feed and rest on fresh wet droppings but to desert 
them within a few minutes without ovipositing. 


Stomoxys calcitrans Linnaeus 
Like the housefly and the false serew worm fly 
above, the adult stable fly frequently rests on moist 
cattle droppings, seemingly not purely accidental 
but attracted by warmth or odor. Unlike the other 
two flies however it has not been observed to feed. 


Hydrotaea armipes Fallen 


This fly was reared from droppings throughout the 
winter and up to April 18, having pupated there. 


Sepsis violacea Meigen 

Sueccessional Position: Adult females begin ovi- 
positing into the surface of dung when it reaches the 
uniformly moist brown condition, usually after ex- 
posure for fifteen minutes, and continue to do so until 
the surface becomes blackish brown after exposure for 
about seven days. During this time the surface is soft 
enough for them to run rapidly over it, thrusting their 
eggs in it singly and perpendicularly. After this they 
evidently continue laying eggs into moist crevices and 
beetle holes, for, though none have been observed do- 
ing so, more larvae may be recovered from cakes ex- 
posed thirty hours than from cakes exposed any lesser 
time. 

Males and females are usually present in numbers 
long before and after dung is suitable for oviposition. 
They come almost immediately to the surface of dung 
which is dropped in a moist brown condition and re- 
main for as much as a week until the cake becomes 
light brown and heavily crusted. 

Breeding Media and Food: Human excrement and 
decaying vegetable material at Washington, D. C. 
(Howard 1900), sheep dung in New Jersey (Wilson 
1932), and fresh cow dung in which the larvae are 
scavengers. 

Appearance and Activity: Adult flies are slender, 
ant-like and shining black. They vary in size from 
slightly over one to slightly over two millimeters and 
are quickly distinguished by their habit of wig- 
wagging their wings as they run swiftly over the dung, 
meet their fellows face to face, mate, or lay eggs 
which they thrust endwise into the surface without 
more than a moment’s pause. The puparium which is 
common in dung during summer and winter is slender, 
light tan and shows the bifurcations of the stigmal 
area which also characterize the larvae. 
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Numbers of Adults: The greatest numbers of adults 
observed on a cake was forty-five, on dung dried 
brown on June 21, 1931, after twenty-four hours of 
exposure. Forty were counted on another dried brown 
on July 5, 1931, after twenty-three hours. An average 
of twenty-five cakes in the same color range, all bear- 
ing Sepsis adults, at 10 a.m. July 4 of that year was 
twenty-three. Several bore as few as one fly and one 
bore forty-five. 

Since the fly had been definitely observed to oviposit 
in dung varying from moist brown to blackish brown, 
a count was made of the numbers on thirty-eight cakes 
in this color range. The average, same day and time, 
was nine flies. The largest number of adults observed 
on any cake in this condition was thirty-three on dung 
dried blackish brown on August 13, 1933, after two 
hours of exposure. 

Between the conditions noted above and at other 
times during the three-day period favored by Sepsis, 
there is much fluctuation in numbers, possibly due to 
its response to other conditions than those of the 
dung. This matter is worth a long and special study 
in itself, but is too long for this paper. Such a flue- 
tuation is to be expected where daily rhythm and 
weather changes occur during a long period of rel- 
ative stability of the dung. 

Numbers of Larvae: The greatest number of adults 
reared from a single cake was a lot of 545 from dung 
of uncertain age; but less than five days old, on Au- 
gust 1, 1933. The average from fourteen collections 
of dung thirty hours old and collected during four 
summers is 436 and the lowest is 205. The number for 
any one cake gradually increases from the time the 
first females oviposit until thirty to thirty-six daytime 
hours have passed. Though the number of adults com- 
ing to the surface is greatest when dung is more than 
three hours old, there is no average sudden increase 
of larvae recoverable from cakes older than this, as 
might be expected. 

Pupation: Larvae pupate in the dung in which they 
feed. 

Seasonal Activity: Hibernation takes place in a 
puparium within the cake and emergence takes place 
during the first half week of very warm weather in 
late February, March, or early April. Breeding is 
continuous during a period of about six and one-half 
months, usually beginning during the first half of 
April and ending during the first half of October. 
Populations are, however, small and irregular before 
May 1 and after October 1. No larvae or adults have 
been found during the winter. 

Life Span: About nine days from egg to adult as 
determined from twenty-two individuals reared in the 
field on July 12 from a cake dropped July 4, and 
thirteen reared September 28 from a cake dropped 
September 17. The presence of any growing stage in 
dung during the summer is good evidence that it is 
under ten days old. 


Cryptolucilia caesarion Meigen 
Successional Position: A few individuals may arrive 
at freshly dropped cakes almost instantly, but ovi- 
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position usually does not begin until the cake has 
passed its moist brown condition and ends in about 
six hours later. 

Breeding Media: Larvae breed in and feed on cow 
dung. Adults have been observed to dip their pro- 
boseis into wet dung and possibly feed on the juices. 

Appearance and Activity: The adults are shining, 
blue-green flies which measure around seven milli- 
meters in length. They walk slowly over the surface 
when moving about, but the females stand quietly for 
long periods as they lay their eggs in large groups 
into natural crevices. 

Numbers of Adults: The peak of abundance in one 
case was sixty-three. The average number found on 
fifteen cakes an even four hours old after being 
dropped in the morning in June, July, and August is 
twenty-two. 

Numbers of Larvae: Twenty cakes between one and 
four days old in June, July, and August yielded an 
average of fifty-nine larvae, the lowest number being 
thirty-six and the highest being one hundred and 
thirty-two. 

Pupation: Larvae pupate, along with those of 
Sarcophaga lherminieri, in the soil a few inches be- 
neath and to one side of the cake in which they at- 
tained their growth. During the summer they leave 
the dung by the end of the fifth day. 

Seasonal Activity: The adult evidently is the hiber- 
nating stage. One found beneath a drift of loose 
leaves at the mouth of a woodland eave near Murphys- 
boro, Illinois, on February 22, 1933; three beneath 
burlap bands on apple trees on December 11, 1932 
and many were collected on the wing in a sunny river- 
bottom pasture near White Heath, Illinois, on Febru- 
ary 28, 1932. According to H. E. McClure, sunny 
days caused adults to take short flights from their 
hibernating quarters under the burlap bands. 

Early larvae were found at Urbana on April 4, 
1932. Breeding is continuous until the latter part 
of October, the latest larvae having been found at 
Urbana on November 5, 1932. After frosts, which 
were hard enough to freeze dung solid, no live larvae 
were recovered, but dead and blackened ones were 
common. It is a question as to how pupae fare in the 
soil during the winter, for, though its associate, S. 
lherminieri, has been found, no Cryptolucilia have. 
This is partially due to the fact that as weather cools 
Cryptolucilia breed less commonly on high spots, be- 
coming restricted in sheltered places and are even 
there uncommon, but such places have been searched 
and the evidence, though negative, is strong that it 
does not winter in puparia. 

Life Span: About eleven days, four or five of which 
are spent as larvae during the summer. 

Sex Ratio: Forty-four percent are females as de- 
termined from one hundred and twenty-four indi- 
viduals reared between June and September. 


Myiospila meditabunda Fabricius 
Successional Position: M. meditabunda has been 


found to reach its peak of abundance on cakes of 
about the same age required by Cryptolucilia caesa- 
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rion during the summer. During spring and late fall 
it is commonly associated with Scatophaga furcata, 
reaching its greatest abundanee a little later than that 
species. 

Breeding Media and Food: Human (Howard 1900), 
cow (Howard 1901), pig (Keilen 1917), sheep (Wil- 
son 1932), and rarely horse dung (Portechinsky 1910). 

Larvae are seavengers during the first and second 
instars, and predaceous on larvae of flies associated 
with them during later instars. According to Port- 
chinsky, several hundred larvae of Phormia coerulea 
R. D. were destroyed in several hours by eighteen 
larvae of M. meditabunda. 

Appearance and Activity: This is a dull-colored fly 
about seven millimeters in length and similar to the 
housefly which, however, has a yellowish margined 
abdomen, rather than a plain olive gray one. The 
males of Myiospila have four distinet black spots on 
the abdomen which further distinguish them from the 
housefly. Both males and females come to the surface 
of cow dung where they walk slowly about or rest 
quietly, the females ovipositing oceasionally. The 
eges are said to be large, usually laid singly here and 
there into the dung, and are few in number. Each fe- 
male is said to lay from twenty-four to thirty eggs 
(Howard 1900 and Keilin 1917). 

The puparia, which are large, oval, and brown, bear 
stigmal plates that resemble those of the larvae. 

Numbers of Adults: Twenty-five flies have been 
counted on a single dropping, May 17, 1933, at the 
height of desirability (about four hours). The aver- 
age on twenty-three cakes at the height of desirability 
during the spring and fall is thirteen, but the number 
may be zero, and commonly does not run above six 
during midsummer. 

Numbers of Larvae: The greatest number of imma- 
ture flies taken from a single dropping is twenty-six, 
recovered in puparia on March 27 after passing the 
winter in that state. The average from thirty cakes 
dropped during the fall and examined at that time is 
thirteen. 

Pupation: Larvae pupate in the droppings and aec- 
cording to Portchinsky, in the soil. 

Seasonal Activity: This fly passes the winter in 
puparia in cattle droppings. All stages are common 
during the spring and fall but may be absent from 
many suitable droppings during the summer. 

Life Span: A minimum of twelve days are required 
to produce adult flies from newly laid eggs. Fifteen 
days during the summer usually allows all adults to 
emerge, but cold, drought, and starvation will greatly 
prolong the time required. A minimum of four days 
are required to complete the larval stage. 


Leptocera sp. 


Successional Position: Leptocera, like S. violacea, 
usually arrive at cakes after fifteen or twenty minutes 
and gradually build up to a maximum population by 
the third day, after which the population falls gradu 
ally until, at the end of the eighth day, no individuals 
remain. The length of time during which both species 
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oceupy individual droppings is greatly dependent 
upon drying characteristics of the weather. 

Appearance and Activity: Adults are tiny black 
flies less than two millimeters in length, which run, 
flit, or hop actively over the surface of dung and 
spend much of their time in the crevices and galleries 
formed in it. 

Numbers of Adults: Toward the end of the first day 
or early in the second day, during early summer, over 
one hundred individuals may frequently be observed 
on cakes in this age range. About as many more are 
likely to be hidden in erevices in beetle holes, or 
under the edge of the dung. Beeause of their small 
size, none have been observed actually ovipositing. 
They are most abundant, however, on cakes which are 
dry brown. 

Numbers of Larvae: Evidence is very poor concern- 
ing the state preferred for oviposition and the number 
of larvae in dung; possibly due to the difficulty of 
rearing in laboratory cages. One cake, exposed 
twenty-one hours by 9 o’clock, July 5, 1931, yielded 
thirty-six adults, indicating that there were more than 
36 larvae originally present. Another, exposed only 
three hours by May 7, 1933, yielded only six adults. 
One exposed ten days late in the year yielded only 8 
by October 6, 1932. One exposed six and one-half 
hours September 17, 1931, yielded forty-one adults. 
Forty-five cakes taken during spring and summer 
months failed to vield adults. The average was about 
twenty-two. 

Pupation: Larvae pupate in the dung in which they 
fed. 

Seasonal Activity: Adults have been observed at all 
times of the year and are among the earliest flies to 
visit dung in the spring. Breeding is undoubtedly eon- 
tinuous from April until late in October. 

Only adults have been taken during the winter. 

Breeding Media: Leptocera (Limnosina) albipennis 
has been reared from human excrement and cow dung 
by L. O. Howard (1900, 1901). The writer’s speci- 
mens were determined only to genus. 

Life Span: Under ten days as determined from 
thirty-six individuals reared July 14 from dung taken 
to the laboratory for rearing on the morning of July 
5 after exposure during twenty-one hours. 


Coprophila equinus Fallen 

Successional Position: Adults, apparently non- 
breeders in cow dung, are common visitors during 
spring and fall. They attain their greatest abundance 
on cakes which are about eight hours old; numbers 
gradually diminish during the greater part of the 
third day. 

Appearance and Activity: Adults measure between 
three and a half and five millimeters from antennae to 
wing tip. They are very dark brown and quickly dis- 
tinguished from the horn fly, which is about as long, 
by their darkness, squattiness, and prominent, thick- 
ened legs. 

Numbers of Adults: Ninety-seven have been ob- 
served on a single cake during the first week of May, 
1933. Between thirty and seventy are the usual num- 
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bers at this time of the year. The number falls to a 
few individuals toward the middle of June and in- 
creases again late in September. The adult fly is eom- 
mon on horse dung during the late winter and pos- 
sibly winters in this stage, occasional individuals be- 
ing found on cow dung as early as the middle of 
February. 
No larvae of this species have been taken from cow 
dung. 
Coprophila sp. 
Specimens were determined by J. M. Aldrich in No- 
vember, 1933. 
Only fourteen individuals have been taken, all from 
cow dung, as follows: 
5 on February 1, 1931, 
1 on Mareh 2, 1932, 
2 on March 4, 1932, 
1 on April 4, 1932, and 
5 on April 7, 1932. 
The four cakes from which these were taken had been 
dropped during the previous fall, and it is possible 
that this fly breeds in such cakes. No immature stages 
of the species have been discovered. 


Borborus geniculatus Maequart 
and 
Borborus marmoratus Beck 

Successional Position: These two species are dis- 
cussed together because of the difficulty of distin- 
guishing them in the field. B. geniculatus has been 
collected in October and B. marmoratus in April, 
May, and October. Together, they reach numbers 
around fifty in three or four hours and zero in the 
next two days. They probably have specific differences 
in taste for age classes of dung, but these may be de- 
tected only by long and careful collecting and note 
making. None have been reared from cow dung under 
cireumstanees which would definitely settle their posi- 
tion. 

Appearance and Activity: Adults are squat and 
prominent-legged like Coprophila equinus. Large in- 
dividuals of B. geniculatus may not be distinguished 
readily from small C. equinus in the field and the 
difficulty of counting is further increased by the close 
resemblance of the smallest Borborus, namely mar- 
moratus, to the large Leptocera. 


Scatophaga furcata Say 

Successional Position: Adults appear on dung 
within a few minutes after it is dropped and numbers 
gradually diminish for about twelve hours. 

Breeding Media and Food: Sheep dung, according 
to Wilson (1932), human exerement, according to 
Howard (1900), and cow dung, the larvae being 
scavengers. Adult flies have been observed to capture 
adult Myiospila meditabunda from which they suck 
fluids. Adult S. furcata have a wide range of prey 
species. 

Appearance and Activity: Adults are large, hairy, 
yellowish brown flies about one centimeter long. 
While on the surface of dung, they slowly, frequently 
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tussle in pairs while copulating; often rest quietly 
while injecting an egg here and there into the dung; 
and oceasionally seize and suck body juices from an 
associated species of fly which usually is a Myiospila. 
The larvae are whitish and are caudally truncate in 
their later instais. 

Numbers of Adults: Fourteen have been observed 
on a suitable cake during the fall but the average 
number observed on eighteen cakes between one and 
four hours of age between September 15 and October 
15 is eight. 

Numbers of Larvae: Fifty-eight larvae were re- 
covered from a two-day-old cake. The average num- 
ber from the above eighteen cakes is twenty-five. 

Pupation: Larvae pupate in the dung. 

Seasonal Activity: Winter is generally passed in 
the puparial stage; these overwintering puparia are 
in a sufficiently advanced state that adult emergence 
will take place if brought into the laboratory. Early 
adults have been observed soon after the first warm 
days in middle February and it is therefore possible 
that adults also overwinter. Breeding continues until 
the middle of May, and after a lapse in the summer 
begins about the middle of September to continue 
until the end of October. 


Scatophaga sterocoraria Linnaeus 


Successional Position: Very small numbers of 
adults were found irregularly on cow dung within a 
day of age in April, early May and again in late 
September and October, always in the company of 
S. furcata. None were found breeding in cow dung 
in open pastures during the course of this study. 

Breeding Media and Food: Human, poultry, sheep, 
cattle, and horse exerement, all of sufficient con- 
sistency for the larva to complete its life in England 
without being dried out, according to Cotterell 
(1920). Cattle and sheep excrement are preferred 
and that of horses rarely used for oviposition. Sludge 
from septic sewage tanks was found to contain an 
enormous number of the growing larvae. This fly 
bred rarely, if at all, in droppings in open pastures 
at Urbana, Illinois during the period of this study. 
Exerement is the larval food according to Cotterell. 
Food of the adults is body juices of many flies and 
especially those which are common about the breeding 
media. These include Coprophila equinus Fallen which 
breeds abundantly in horse dung and passes the win- 
ter as an adult; the housefly, Musca domestica Lin- 
naeus; blow flies, Calliphora and Lucilia; and, in 
Urbana, Myiospila meditabunda and Sarcophaga lher- 
minieri. 

Seasonal Activity: Cotterell found large numbers 
of adults about on warm sunny days in winter, 90 per- 
cent of which were males, and judged that the ma- 
jority of individuals which hibernate do so as adults, 
but might do so in puparia. 

Breeding, according to this author, takes place from 
April to October and results in probably five broods 
a year. In summer the whole surface of a deposit of 
cow dung may be covered with wing-like extensions of 
the eggs. 


CarL O. Mour 
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Pupation: In England, pupation occurred mainly 
in the soil, very few pupae being found in the dung. 
Life Span: Seventeen to thirty-one days were re- 
quired for the development of adults from freshly 
laid eggs and adults were found to live from eleven 
to twenty-two days in the laboratory but great dry- 
ness of food prolonged the larval stage greatly. Ac- 
cordingly to Cotterell, no females were observed to lay 
more than one hundred and twenty eggs and it is 
probable that one female is capable of laying from 
one hundred to one hundred and fifty eggs, after 
which she dies. 


Sphaeridium scarabaeiodes Linnaeus 


Successional Position: Adults have been observed 
arriving at dung as soon as it is dropped until about 
three hours have passed, when the dung becomes dark 
brown. Most of them arrive during the first half 
hour, run exeitedly over the surface, plunge inside 
and come out again to repeat the performance many 
times. An adult or more may be found in dung as old 
as two days but the greater number leave after the 
first half day. 

Breeding Media and Food: Fresh cow dung. This 
species is commonly said to feed on dipterous larvae. 
During the course of this study one grub, over half 
grown, was collected with its mandibles fastened into 
the body of a large Sarcophaga lherminieri margot 
which was lately killed and shriveled. Another grub 
of this species was collected with its mandibles fas- 
tened into a live larva of Geosargus cuprarius which 
was about half grown and which died in a few min- 
utes after collecting. A third grub dug accidentally 
out of a eake had its mandibles fastened into the body 
of a horn fly larva, Haematobia irritans. 

Appearance and Activity: Adults are short, flat- 
tened beetles about six millimeters long, mostly black 
but having whitish tips on each elytron and a reddish 
spot near each humeral angle. While on the surface 
of dung they rush actively over it but soon plunge 
inside only to break through at another place. They 
are mainly responsible for the many holes in dung 
between May and September. 

The larvae are maggot-like in shape but may be 
quickly distinguished as being of the present beetle, 
by their short thoracie legs and distinct head. Four, 
instead of only two, fleshy protuberances at the caudal 
end of the body distinguished this species from the 
closely related S. bipustulatum. 

Numbers of Adults: As many as four or five may 
oceasionally be seen on the surface at one time, but 
more than two or three is unusual. Thirty adults is 
the greatest number taken from a single cake, which, 
on July 5, 1931 had been exposed twenty-one hours. 
Four other cakes, dropped at various places in the 
same pasture and within an hour of this one, con- 
tained fifteen, twenty-three, twenty-four and twenty- 
seven adults, giving an average of 22.25. Field exami- 
nation of sixteen cakes dropped during June and July 
but varying in age from a half to one day gave an 
average of eleven adults present inside. 

Numbers of Larvae: Field examinations of twenty- 
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seven droppings, deposited during June and July of 
four summers and between two and three days old, 
yielded an average of thirteen larvae. The maximum 
number was twenty-seven. 

Pupation: Larvae pupate in the soil an inch or so 
beneath or beside the cake. 

Seasonal Activity: The earliest adults were observed 
April 8, 1933. Breeding is continuous, beginning 
early in April and ending late in October. The latest 
observed was a single specimen November 3, 1932. 
Full-grown larvae have been collected as early as May 
19, in 1931, and as late as September 18, in 1932. 

Life Span: As little as five days are required to 
complete the larval stage in the field during summer. 
The larvae enter the soil along with those of the flies 
Cryptolucilia caesarion and Sarcophaga sueta and 
pupate with them. In as little as seven more days the 
adults emerge, about the time the adult flies emerge. 

Grubs of S. scarabaeoides are, however, present in 
dung more than five days old. They are evidently 
more resistant to drying of dung than are the two 
flies mentioned above and are commonly found with 
G. cuprarius larvae four or five days after the two 
muscoid flies have entered the soil to pupate. This is 
possibly due to a requirement which will not allow 
complete development until sufficient food has been 
eaten, this food being furnished by young G. cupra- 
rius larvae. 

Sex Ratio: Sixty-five percent are females as de- 
termined from eighty-one collections totaling three 
hundred seventy-five individuals during four sum- 
mers. 


Platystethus americanus Erichson 


Successional Position: Adults arrive singly soon 
after dung is dropped and commonly reach their 
greatest abundance during the period selected by 
Sarcophaga sueta for its oviposition, or, if during the 
spring before this fly is active, at about the same 
period. They move slowly over the surface until they 
find a crevice or beetle hole by which they enter the 
cake. 

Numbers of Adults: Sixteen have been observed on 
a cake in July and the average during the summer 
and at the height of succession is five. 

Numbers of Larvae: One hundred and sixty-four 
were reared August 10, 1933 from a cake which was 
removed from the field after being deserted by larvae 
of the first microseral stage but containing no Geosar- 
gus cuprarius. An average of forty-two have been 
reared from six droppings late in the first stage dur- 
ing June, July, and August. The beetle appears to 
be an irregular breeder in cow dung. 

Appearance and Activity: The adults are tiny, sub- 
rectangular, blackish, rove beetles nearly three milli- 
meters long, which walk slowly over the surface of 
the dung as they search for holes in the surface into 
which they enter immediately. 


Aphodius distinctus Mueller 


Successional Position: This beetle, a non-breeder, 
illustrates conspicuously the relation of numbers 
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available close at hand, and successional position. 
When abundant, during spring and fall migration, 
A. distinctus is one of the very earliest arrivals at 
newly dropped cow dung. It is no uncommon oceur- 
rence to see one or more flying beetles arrive before 
the dung is completely dropped or to see half a dozen 
on a cake within the minute and a half, a degree of 
freshness demanded only by the horn fly. Unlike the 
horn fly, however, they remain in dung for several 
days and sometimes as long as a week. 

Breeding Media and Food: So far as the writer has 
been able to discover, no breeding media are recorded 
for this beetle. 

Appearance and Activity: Adults are sub-eylindri- 
cal beetles, about four millimeters in length, with dark 
brown or black prothorax and dull, brassy colored 
elytra irregularly marked with dark brown. They 
walk slowly over the surface of dung and soon enter. 
During spring and fall they are mainly responsible 
for the shot-holed appearance of dung of cattle, 
horses, sheep, pigs, and man. 

Numbers of Adults: Their peak of abundance dur- 
ing the fall oceurs on cakes which are from half an 
hour to an hour old, when as many as fifty-eight have 
been observed milling around on the surface, digging 
in, coming out, arriving by wing, and flying away. As 
the cake grows older more and more remain inside 
and fewer on the surface until at the end of three 
hours only an oceasional individual or pair may be 
seen above. 

The interior population of a cake, two hours old on 
October 13, 1933, on which only an oceasional adult 
was to be seen was one thousand and ninety-seven 
adults. The average from fifteen cakes between three 
and ten hours old was eight hundred fifty-three. 

Spring populations during four years were found 
to be much less than that of fall populations, the 
maximum number of adults observed on the surface 
being eighteen and beneath being two hundred thirty- 
two. The average for interior populations during 
spring obtained from twelve cakes between three and 
seven hours old was one hundred and seven adults. 

Interior populations, both in spring and fall, de- 
cline gradually until at the end of five days no adults 
are likely to be found. 

Seasonal Activity: Spring dispersal periods have 
been found to begin during the warm days of the 
latter half of February, to reach their height irregu- 
larly toward the last of April, and then to decline 
gradually toward the first of June. 

Fall dispersal periods begin rather suddenly dur- 
ing the latter weeks of September and decline ir- 
regularly with cooling weather early in November. 

No adults have been found in cow dung during the 
summer months and only three during the winter, two 
alive an inch or two in the soil beneath, and one in 
the dung. 


Aphodius femoralis Say 


Successional Position: Adults, non-breeders like the 
last, are early arrivals at newly dropped cow dung 
during spring and fall migrations but probably be- 
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cause of their lesser abundance average later than A. 
distinctus. Individuals have been observed to arrive 
within two minutes but a quarter of an hour may 
elapse before the first arrives, and during this time 
A. distinctus usually arrives by dozens. Others strag- 
gle in at intervals during the next three or four hours, 
most of them entering the cake to remain for about a 
week and usually longer than does A. distinctus. 

Breeding Media and Food: The writer has dis- 
covered no record of breeding media for this species. 

Appearance and Activity: Adults are sub-cylindri- 
cal beetles about five millimeters long, with black or 
brownish prothorax and dull brassy colored elytra, 
differing from <A. distinctus in being larger and in 
having unspotted elytra. During the short time each 
individual spends on the surface of dung, it moves 
slowly. 

Numbers of Adults: The same droppings from 
which population counts were made for A. distinctus 
yielded the following counts for femoralis: 

One interior population for a cake three hours old 
on October 10, 1932 yielded a maximum of fifty-three 
adults and the average from ten cakes between two 
and four days old was thirty-nine. No spring counts 
were taken. 

Aphodius bicolor Say 

Successional Position: This species has been col- 
lected little more than a dozen times and in numbers 
less than eight except in one case. September 20, 
1930, one hundred twenty-three were taken from a 
single eake. On removal from the field it bore signs 
of having been deposited either the night before, or 
early in the morning being visited by Cryptolucilia 
caesarion flies in numbers. 

The other collections, smaller in number, were made 
from cakes up to two days old, and only during the 
fall months. 

No larvae of this species have been discovered in 
cow dung. 

Breeding Media and Food: The writer has no ree- 
ord of breeding media of this species. 

Appearance and Activity: Adults are sub-cylindrical 
beetles about five millimeters long, black above and 
reddish beneath. Like other Aphodius they are slow 
and spend little time on the surface. 


Other Aphodius collected 


Small numbers of the following Aphodiinae were 
taken from cow dung of the first and second stages 
but were not found breeding: 

Aphodius terminalis Say 
Aphodius granarius Linnaeus 
Aphodius sterocorosus Melsheimer 
Aphodius vittatus Say 

Ataenius strigatus Say 


os 


Mites, Parasitus sp. 


Mites were found commonly during this study but 
were not investigated in detail. It is possible that 
more than one species of mites were involved. Usually 
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mites appeared on the surface of droppings as soon 
as beetles arrived, at least some of the mites having 
been carried by the beetles to the dropping. Inside 
the dropping, mites were frequently found clustered 
in great numbers around any scarab larvae or adults. 
About a week after their first appearance on the 
dropping, great numbers of mites emerge and run 
rapidly over the surface of the dropping for a day or 
so giving the impression that they had multiplied in 
the dropping during that period. This is suggestive 
that the mites may be predators or external parasites 
on the beetles. 


SPECIES COMPONENTS OF THE SECOND 
MICROSERAL STAGE 
Geosargus cuprarius Linnaeus 

Suecessional Position: Adults appear so uncom- 
monly on the surface of dung as to allow only citation 
of incidents. At 2:35 p.m. June 21, 1931, two adults 
were seen resting quietly for several minutes on the 
edge of a cake dropped at 3:30 p.m. of the previous 
day. Other dipterous indicators on this cake, which 
was dried brown, were forty-five Sepsis violacea and 
twenty-seven Leptocera sp. At 11:15 a.m. May 28, 
1933, one G. cuprarius alighted on a dry brown cake 
deposited four hours earlier and remained only an in- 
stant. At 2:00 p.m. another was seen at the same cake 
along with three C. caesarion, ten S. violacea, forty- 
five Borborus sp. and a half dozen Leptocera sp. 

Breeding Media and Food: The larvae are scaven- 
gers in cow dung, and horse dung. 

Appearance and Activity: Adults are slender, me- 
tallie green flies about eight millimeters long, easily 
distinguished from the other metallic fly, Crypto- 
lucilia by their slenderness. The activity of the few 
observed individuals is deseribed above. 

Numbers of Adults: Not more than two have been 
observed together on a cake. 

Numbers of Larvae: Larvae of this species are 
among the most common insects in cow dung and af- 
ford the greater part of the evidence of this fly’s 
place in the succession. Four hundred and forty-eight 
were recovered from a ten-day-old cake on June 21, 
1931. The youngest cake to yield larvae was four 
days old on August 23, 1931 and contained only 
twenty-four of this species, along with larvae of 
horn flies and S. lherminieri, which is an unusual as- 
sociation, since early succession flies usually complete 
their development and leave the dung before G. 
cuprarius oviposits. The average number of larvae 
recovered from fifty eakes between five days and eight 
days of age is one hundred and thirty-five. One con- 
tained as few as thirteen and many between thirty 
and fifty. 

Pupation: Larvae pupate in the dung and under it 
but not in the soil. 

Seasonal Activity: Breeding is continuous during 
the summer. The earliest adults were active during 
the first weeks of April and the latest during the first 
weeks of October. 
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Hibernation takes place in puparia in the dung and 
between it and the soil. 

Life Span: Twenty days as determined by fifty 
reared May 7, 1932. They remain in the cake the en- 
tire time. 

Sex Ratio: Fifty-two percent females as deter- 
mined from seven hundred and eleven individuals 
reared from February through October. 


Geosargus viridis Say 
Successional Position: Adults of this species were 
observed on cow dung only onee. At 10:30 p.m. of 
May 28, 1933 one G. viridis alighted on a dry brown 
cake deposited three hours earlier. It left after rest- 
ing there only an instant. 
Numbers of Larvae: Larvae of this species were re- 
covered only three times as follows: 
8 on June 21, 1931 
2 on July 4, 1931 
5 on October 23, 1932. 
In each of these cases they were associated with a 
large number of G. cuprarius larvae. 


Sphaeridium bipustulatum Fabricius 

Suecessional Position: This species was found to 
be too rare to give any general statement about its 
successional position. An occasional adult may be 
found on or in dung in which C. caesarion and S. 
sueta have attained from 1/3 to 2/3 of their growth, 
indicating that dung is suitable to the beetle over a 
number of days. It has been found very uncommonly 
in dung less than 14% days old. 

Breeding Media and Food: Cow dung is a breeding 
medium. No larvae of this species were observed as 
were those of S. scarabaeoides, with mandibles sunk 
into maggots, but they are said to be predaceous like 
that species. 

Appearance and Activity: Adults resemble those of 
S. scarabaeoides in behavior and form. They differ in 
being entirely dark and in being more common in and 
on dung over a day old. 

Numbers of Adults: Five adults have been found in 
a single cake, but even as many as three have been 
found unusual. 

Numbers of Larvae: The greatest number of larvae 
found in a single cake is twenty-seven for May 30, 
1933. An average from fifty eakes between five and 
eight days old is 15.3. All these cakes contained G. 
cuprarius maggots with which these beetle grubs are 
associated. 

Pupation: Larvae pupate in the soil a few inches 
beneath or slightly to one side of the cake. 

Seasonal Activity: The earliest adults were collected 
April 13, 1932 and the latest on October 1, 1933. 
Larvae have been taken throughout the summer be- 
tween early May and late September. 


Hister abbreviatus Fabricius 
Successional Position: Early adults have been found 
to arrive singly at droppings into which Cryptolueilia 
and Myiospila have all but finished ovipositing. The 
largest numbers of adults have been found associated 
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with well-grown larvae of those two flies and later 
with the young larvae of Geosargus and Aphodius. 

Breeding Media and Food: Blatchley (1910) wrote 
that adults oceur especially beneath dead fish and 
turtles along sandy margins of lakes and ponds; also 
rarely in fungi and cow dung. During the course of 
the present study it was found to be a regular breeder 
in cow dung over three days old. : 

Appearance and Activity: The adult beetle is flat, 
shining black, slightly over five millimeters in length 
and almost as broad. When on the surface it walks 
very slowly and soon enters the dung. The larva is 
maggot-like in general form, but, like the larvae of 
the Sphaeridium, has a small, distinct head. It may 
be quickly distinguished from those grubs by its seg- 
mented cerci. * 

Numbers of Adults: The greatest number of adults 
discovered in a single dropping was fourteen on Au- 
gust 12, 1932. These were found associated with 
larvae of Geosargus nearly half grown. Eight similar 
cakes were examined during the same month and in 
August a year later, yielded an average of five. 

Numbers of Larvae: Twenty-three were reared from 
a dropping in which they were associated with com- 
pletely grown larvae and pupae of Geosargus. Six- 
teen is the average number found in seven similar 
droppings. 

Pupation: Those larvae which were reared pupated 
in the dropping which, however, was not placed over 
soil in the rearing cage for a real test of their pref- 
erence. The larvae seemed to be familiar with the 
possibilities of the dung for they gathered the larger 
fibers about them to form a bristly-coated capsule 
with the loose ends of the fiber directed forward. 


Hister americanus Paykull 


Successional Position: Adults were collected twice, 
first on April 17, 1931 and again on April 19, 1932, 
each time from droppings between three and five days 
old. They reach four millimeters in length and are 
therefore distinetly smaller than H. abbreviatus. 


Cereyon quisquillius Linnaeus 


Successional Position: These beetles have been ob- 
served at dusk during October hovering in great num- 
bers over dung dropped earlier in the day, individuals 
coming now and then to the surface beneath which 
they soon penetrate. Small numbers of Aphodius dis- 
tinctus visited the same cakes, but preferred fresher 
ones. During the day, adults have been observed com- 
ing only oceasionally to young cakes into which 
Paregle cinerella have nearly completed oviposition 
and adults are commonly found in eakes bearing bar- 
cophagid maggots from one-third to one-half grown. 

Breeding Media: Cow dung. 

Appearance and Activity: Adults are small and 
bicolored, having the prothorax blackish and the 
elytra straw colored. They are about two and a half 
millimeters in length, nearly as broad and, during the 
short time they may be seen on the surface, they walk 
slowly over it. The immature stages are not figured 
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because the beetle’s niche is in the second stage of 
succession. 


Cercyon haemorrhoidalis Fabricius 


Successional Position: Small numbers of C. hae- 
morrhoidalis have been found in eakes within the age 
range of this study, and in one ease a dozen were 
found in a eake containing maggots of C. caesarion 
and S. lherminieri. It evidently breeds in those older 
cakes. It has not been reared, though it is undoubt- 
edly a breeder in cow dung. 


Cercyon pygmaeus Illiger 


Successional Position: This Cereyon, like C. quis- 
quillius and C. haemorrhoidalis, is found as adults in 
cakes within this age range but evidently breed in the 
older cakes. It has not been reared. 


Philonthus tetragonocephalus Notman 
and 
Philonthus varians Paykull 


Successional Position: Adults of both species arrive 
singly at dung within five or ten minutes after it is 
dropped and continue to eall during the next three or 
four days, reaching their internal population peak 
about the time Sareophaga and Crypfolucilia maggots 
enter soil to pupate. 

Appearance and Activity: These adults are slender 
rove beetles about five millimeters long, which, as soon 
as they alight on dung, run wildly over its surface 
searching for entrance holes into which they dash. 
When dung is so fresh that the drying process, or 
other beetles, have not yet provided entry, they either 
fly away or work beneath its edge. Larvae are curso- 
rial and bear jointed cerei about one quarter as long 
as the body. 

Numbers of Adults: Sixteen have been found at the 
peak of abundance (August 12, 1933) but only ten in 
any cake coming within the age limits of this study. 
The species were unfortunately not distinguished and 
counted separately. 

Numbers of Larvae: None have been reared from 
any cake within the age limits of this study but a 
maximum of five have been collected from those 
slightly older cakes containing pupari of Sepsis and 
Haematobia. Older cakes undoubtedly bear more. 

Six staphylinid beetles of the genera Quedius, 
Tachyporus, Metaxaya, Dimetrota, Falagria and 
Baryodma were found on or in droppings of the same 
stages occupied by Philonthus, described above. They 
are generally not numerous and apparently largely 
predaceous and appear to be dependent upon the gal- 
leries made by the beetles Sphaeridium, Aphodius and 
by flies for entry into the dropping. Most of them ap- 
pear on fresh droppings, even within several minutes 
of deposition, and remain well into the period during 
which the droppings are occupied by large Geosargus 
and Aphodius larvae. It is probable that some breed- 
ing is continuous as long as any larvae of any of the 
characteristic dung insects are present in their usual 
numbers. They appear to be less affected by the state 
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of the dung than by the state of a prey population in 
that dung. 


SPECIES COMPONENTS OF THE THIRD 
MICROSERAL STAGE 


Aphodius fimetarius Linnaeus 


Successional Position: Although an occasional adult 
may arrive at cow dung dropped within a half day, 
this species is a feeder and breeder in cow dung over 
three days old. It does not figure largely in surface 
populations, partly because of the fact that conditions 
desirable for it are developed slowly and last many 
days, and partly because adults soon enter the drop- 
ping. Three-day-old dung attracts adults and such a 
eake continues to attract for about a week during the 
spring and fall. 

Breeding Media and Food: Cow dung during the 
spring and fall. Breeding undoubtedly takes place in 
other media and even in cow dung during the summer, 
where it is shaded, but this phase of the history could 
not be investigated for lack of time. The larvae feed 
on the dung. 

Appearance and Activity: Adults are sub-cylindri- 
cal beetles about seven millimeters long with coppery 
colored elytra and shining black prothorax and head. 
They move slowly and spend little time on the sur- 
face, preferring to burrow into the cake. The eggs 
are rounded, pearly and almost one millimeter in 
diameter. The grubs resemble those of the well-known 
June beetles. 

Numbers of Adults: More than two adults on the 
surface of a cake is an uncommon sight. The largest 
number found inside a single cake is twenty-six, which 
were taken from a cake January 1, 1932. The average 
number of adults taken for four winters from forty- 
two eakes during December and January is twelve. 

Dung dropped the fall of one year usually retains 
similar numbers of adults until the middle of March 
or the first of April when the days become warm 
enough to permit flight and general dispersal. The 
number then falls rapidly as the number of flight 
hours inereases until during the latter part of April 
such eakes contain only eggs and larvae of the 
species. 

Dung dropped during the spring dispersal receives 
these adults and the number varies greatly, depending 
upon the number of new cakes available. During four 
springs twenty of such cakes were found to contain a 
maximum of thirteen beetles and an average of seven. 
This number is included here only to illustrate what 
was found true of each spring: that the average 
population in spring-dropped dung was less than the 
average population in late fall dung. Both dispersal 
and normal death rate probably account for the fall- 
ing off. 

Dung dropped during late June, July, and August 
usually contains no adults, but sometimes, one, two, 
or three after it attains attractive conditions. After 
this time the population gradually gains its midwin- 
ter height. 

















July, 1948 


Numbers of Eggs: Two hundred and forty eggs 
were taken from a cake January 1, 1932 which also 
contained twenty-six adults. The average number esti- 
mated from cakes containing eggs during December 
and January of four winters is one hundred ninety- 
five from thirty-six cakes, most of which contained 
adults and were used in obtaining an average for the 
adult winter population above. 

It is possible that some of these eggs are laid dur- 
ing warm winter days but most of them are laid 
during the fall and are in condition to hatch in a few 
days during the warm weather between the first and 
middle of April. While they are hatching the adults 
lay a few more eggs in the same cakes before dispers- 
ing and the result is a large variety of stages and 
instars in a single cake that passed the winter full of 
eggs and adults. 

Eggs were found in increasing numbers from the 
middle of September onward. 

Numbers of Larvae: Since the numbers of eggs 
have been given and since the numbers of larvae 
roughly correspond to them, as well as being difficult 
to count, only a general history will be given here 
rather than a numerical one. They begin hatching 
in overwintered cakes about the first of April and 
finish by the end of April. During this time there is 
a steady decline in the numbers of eggs and the num- 
bers of larvae whieh is at first retarded by early addi- 
tions of spring-laid eggs. Between the end of April 
and the latter part of May, the number of larvae in 
overwintered cakes remains about the same, though 
undoubtedly decreasing because of adverse ecological 
conditions. 

During the latter part of May there begins a de- 
cline in the number of larvae and a corresponding in- 
crease in number of pupae, and about the middle of 
June, especially if the season is dry, a greater de- 
crease in young larvae, due to death from dryness. 
During the years of this study few larvae hatching 
from eggs laid during the spring in overwintered 
cakes were found to attain adulthood, mainly because 
the cakes become bone dry before the long life history 
became complete. 

On the other hand, many but not all of the eggs 
laid in cakes dropped in early spring yielded adults 
before rapid drying took place. Those laid in late 
spring, or in very thin cakes, did not fare so well. 
No larvae have been found in cakes of any age be- 
tween the middle of June and the end of September. 
Those which hatched at that time, few in. number, 
were not observed to complete their life history nor 
were any larvae found after the end of Oteober. 

Seasonal Activity: Eggs, and adults which would 
lay eggs during the spring, were found overwintering 
in the dung. A few adults spend the winter some 
inches beneath the cakes. Adults have been found 
throughout the year but were uncommon or rare dur- 
ing the latter part of June and in July and August. 
Neither eggs nor larvae have been found in cow dung 
during the summer months. Eggs are laid in inereas- 
ing numbers about the beginning of September, some 
of them hatching but none of the larvae completing 
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their development in the dung nor apparently surviv- 
ing the winter. 

Pupation: Larvae pupate in the cake. 

Life Span: The minimum time required to rear 
adults from eggs is as follows: 

42 days from 448 eggs collected January 4, 1933. 
Reared in laboratory. 

40 days from 213 eggs collected April 
Reared in laboratory. 

44 days from 320 eggs collected May 1, 1930. 
Reared in field. 


7, 1931. 


Aphodius haemorrhoidalis Linnaeus 


Suecessional Position: Small numbers of adults 
have been found in cakes more than a day old. Only 
one breeding record is available to indicate more. On 
May 28, 1933 eighty-five larvae were found in a cake 
bleached white and containing no Sareophaga, Cryp- 
tolucilia, Sepsis or Geosargus maggots and, therefore, 
probably older than two weeks. On June 7 Leptocera 
adults emerged from the cake and on June 12 the 
adult beetles emerged in great numbers. 

Numbers of Adults: No adults were found in this 
cake at the time of collection. An occasional adult is 
not seen on dung and the small maximum number of 
seven have been collected in cakes. 

Numbers of Larvae: On discovering the eighty-five 
larvae recorded above, a search of above thirty similar 
cakes was made during the next two days without dis- 
covering more. 

Seasonal Activity: Adults have been taken only in 
April, May, and June at Urbana. 


Aphodius ruricola Melsheimer 
Five adults were reared from the pupal stage in a 
dropping brought to the laboratory on April 19, 1932 
from which Geosargus cuprarius adults had already 
emerged. 


Euphoria inda Linnaeus 


Suecessional Position: This beetle has been reared 
from cow dung only two times, the larvae having been 
found at Oakwood, Illinois on May 24, 1931 in their 
first instar and having yielded adults on July 20. In 
both eases the dung showed weathering which indi- 
cated that it had been dropped during the previous 
fall. 

Numbers of Larvae: Seven and five were found in 
the two eases. 

Seasonal Activity: Adults are known to fly ecom- 
monly on the first warm days of spring, to disappear 
during the summer and to appear again in Septem- 
ber. 

Breeding Media: The larvae are said to live in rot- 
ten wood, beneath chips and other woody debris 
(Blatchley 1910). Those reared during the course of 
the present study were found in cow dung and made 
it their food, since, during their second and third 
instars there was nothing else in the eage available 
for food. 

Life Span: Fifty-seven days were required to rear 
adults in the laboratory from well-grown first-instar 
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larvae. All had reached their second instar in four- 
teen days. 
IRREGULAR INFLUENTS 
Onthophagus hecate Panzer 
Though adults are commonly found in eakes they 
do not oceur there in large numbers. A maximum 
number of four has been found. They remove fresh 
dung to burrows underneath the cake but not in large 
amounts. 


Onthophagus pennsylvanicus Harold 

Habits of O. pennsylvanicus resemble those of O. 

hecate. 
Pinotus carolinus (Linnaeus) 

Successional Position: Though this species does not 
breed in droppings it definitely belongs to its earlier 
stages, the adults visiting it during its first few days. 

Activity: During spring and fall adults dig their 
holes beside or beneath cakes from which they remove 
great amounts of the interior, frequently leaving noth- 
ing but a quick-drying shell in which maggots and 
grubs perish early. 


Copris tullius Oliver 
The habits of this beetle are similar to those of P. 
carolinus, but it removes considerably less dung from 
each cake and is therefore less destructive to insects 
dependent on breeding there. 


Geotrupes splendidus (Fabricius) and 
blackburni (Fabricius) 
The influence of these beetles is similar to that of 
C. tullius. 
Ligyrus gibbosus Degeer 
The habits of Ligyrus beetles are somewhat like 
those of C. tullius, but differ notably in that old or 
overwintered cakes are chosen. 


Canthon laevis (Drury) 


This searab, like Pinotus and Copris, removes such 
large mounts of dung that the shell which remains 
frequently dries so fast as to prevent most or all of 
the flies from maturing in many droppings. 

At Urbana it is relatively uncommon and its effect 
is accordingly not great, but in southern Illinois its 
influence is marked. 


MISCELLANEOUS INSECTS 


The Collembola, Achorutes maturus and Proiso- 
toma; the minute feather-winged beetle Acrotrichis 
aspera; the erane fly Tipula bicornis; the moth fly 
Psychoda cinerea; fungus flies of the families Seiari- 
dae and Sceatopsidae; and gnats of the families Lon- 
chaeidae and Drosophilidae were collected irregularly 
in old droppings. 

As noted before, droppings in the later stages ac- 
quire a larger and larger fauna which is not strictly 
characteristic of dung but rather of decaying vegeta- 
ble matter or rich soil. The species recorded above are 
largely of this general type. 


Cart O. Mour 
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The midge, Smittia sterocorarius appeared more 
regularly as a larva in droppings of the third micro- 
seral stage and is probably a more strictly dung-in- 
habiting species. 


RELATIVE ABUNDANCE OF LARVAE OF THE 
FIRST MICROSERAL STAGE 


A consideration of numbers is important because 
the actual position in succession is here considered to 
be measured, not by the earliest arriving individuals, 
nor the latest staying, though these facts are impor- 
tant in measuring range of preference, but by the 
peak of abundance, which marks the individuality of 
the species rather than of members of it. Grubs of 
Sphaeridium scarabaeoides may, for example, be 
found in dung which has been deserted by maggots of 
Sarcophaga and Cryptolucilia, but most of them at- 
tain their growth and enter the soil to pupate with 
the maggots. Again, grubs of this beetle are fre- 
quently found in equal numbers with grubs of the 
closely related beetle S. bipustulatum, of the second 
microseral stage, though the latter species is a little 
later breeder and reaches its full growth somewhat 
later. 

The larger number of individuals of the species in 
this list complete their feeding and pupate, either in 
the dung, or in the soil beneath it, during the fourth 
or fifth day. 

It was found, during the course of this study, that 
great diversity existed in the relative numbers of asso- 
ciates, prey, and predators, due partly to differential 
seasonal activity; partly to differential daily activity ; 
and probably partly to differential selection of breed- 
ing materials. Few of the species are obligatory in- 
habitants of cow dung and some not even of dung of 
any kind. 

Relatively large and small numbers may be the ex- 
pression of a number of factors in the life history of 
any species. 

Two species, Scatophaga furcata and Myiospila 
meditabunda, have been found in uncommonly low 
numbers and then only during spring and fall. Three 
species: Sarcophaga peniculata, Paregle cilicrura, 
and Geosargus viridis evidently are only occasional 
breeders in dung of open pastures, preferring other 
media or other situations. One species, Sepsis viola- 
cea, finds dung suitable for oviposition during a num- 
ber of days, therefore may lay enormous numbers of 
eggs into it. The predators, Sphaeridium scarabae- 
oides, and M. meditabunda, have been found in much 
lower and almost equal numbers, as might be ex- 
pected, than the total of their likely prey. 


ECOLOGICAL POSITIONS OF LARVAE 


Sinee seavenger flies in cow dung are very probably 
dependent in some way upon microorganisms, these are 
probably the dominant organisms in that microhab- 
itat in the sense that they control it. 

If this is true, it leaves the secondary position of 
subdominanee to two or more maggots which are char- 
acteristic, conspicuous and effective in influencing 
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sueceession. Such maggots, during early succession in 
summer months, are those of Cryptolucilia caesarion, 
obligatory breeder in cow dung, and Sarcophaga 
lherminieri, a constant but selective breeder. Both are 
numerous; together closely approximating the num- 
bers of the most common of the maggots, Sepsis vio- 
lacea, which they greatly out-bulk; and exceeding 
those of any other maggot or grub. Both are large, 
closely approximating the bulk of all other maggots 
and grubs, therefore perhaps passing through their 
digestive tract and modifying a relatively larger 
amount of the habitat. Both furnish flesh in large 
amounts to the predators and, perhaps most im- 
portant, leave entrance chambers and galleries in ever- 
increasing number and size as they grow. 

These galleries are used by Xyalophora quinqueli- 
neata, parasite of Sareophaga, and by the gradually 
increasing number of late-succession staphylinid 
adults. In the ease of Xyalophora, somewhat more 
than half of its parasitism seems to be accomplished 
through its activities in these galleries, and in the case 
of the staphylinid beetles it seems that these galleries 
must be used, for they make ready use of any open- 
ings to the surface of fresh dung, but have not been 
observed to make their own entrance. 

Dung which is dropped before the middle of April 
and after the middle of October differs widely in its 
large, early-suecession fauna for, during the growing 
season before and after those dates, Scatophaga fur- 
cata and Myiospila meditabunda replace the two large 
summer flies. Maggots of Sepsis usually outnumber 
those of Seatophaga and Myiospila combined, but 
rarely out-bulk them. The other fly present, Paregle 
cinerella, does not attain considerable numbers except 
in late April and May. For these reasons and because 
of the gallery-forming capacity, it is likely that S. 
furcata and M. meditabunda are subordinants at this 
time. 

There comes a time later in the season when Seato- 
phaga ceases to breed in cow dung in open pastures, 
and only small numbers of Myiospila are found breed- 
ing while Cryptolucilia, first, and Sareophaga, later, 
gradually replace them, and when perhaps their posi- 
tion as subdominants is assignable for the four and 
measurable by the relative numbers of each. 

Sepsis violacea being common in large numbers in 
both spring- and fall-dropped dung, and furnishing at 
least supplementary food to predators, undoubtedly 
has sufficient foree in this mireohabitat to be classed 
as an influent along with Sphaeridium scarabaeoides 
grubs which, evidence goes to show, are predatory at 
least on Sarcophaga lherminieri and, late in their de- 
velopment, on Geosargus cuprarius. 


BOVINE DUNG AS A STRUCTURAL UNIT OF 
THE PRAIRIE 


Hayes, 1928, wrote of the place of bovine dung in 
natural prairie as follows: “One of the most interest- 
ing groups of prairie insects is the scavenger group 
which originally derived its sustenance from drop- 
pings of the buffalo, but now thrives on the exere- 
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ment of domestic cattle and horses which have re- 
placed the buffalo on the prairies.” 

Seton (1929) estimated that natural, undisturbed 
prairie was inhabited at the rate of one buffalo to 
twenty acres and that the plains were inhabited at 
the rate of one to forty acres. 

It would be necessary to make a study of the num- 
ber of new droppings left by each buffalo in order 
to gain an idea of the numbers of insects inhabiting 
their droppings. One may however, get a rough idea 
from feeding experiment of cattle. According to 
Henry and Morrison, 1923, beef cattle produce 52 
pounds of dung per each 1000 pounds of live weight 
daily. Buffaloes average somewhere between a thou- 
sand and two thousand pounds and probably produce 
dung in amounts’ somewhat resembling that of cattle. 
If so, each individual has an output of about ten 
droppings each day or one to every two or three or 
four aeres daily. 

The number of individual species of flies to be ob- 
served on bovine droppings therefore runs into the 
hundreds for the larger, early succession species and 
into the thousands for the smaller and late succession 
species which can tolerate wider age-range in drop- 
pings. The numbers of individual flies to be found on 
all kinds of droppings, bovine and others, is therefore 
enormous. 

Unless the ecologist who samples an area, actually 
sweeps over a dropping, or otherwise samples it, few 
or no coprophilous insects will be netted. Most of 
them are in or on the dung even when winged but 
their numbers ean be estimated by certain observation 
suggested above. 

Shackleford, 1929, found and estimated Sepsis 
violacea as being a “vernal and estival influent” on 
Illinois prairie. This insect is a general dung scaven- 
ger. Adams, 1915, found no dung-inhabiting insects 
but these authors had studied prairie which was far 
from normal, having lost its large mammal population 
for one thing. 

Dung inhabiters are apparently not as common as 
general feeders on grass, weeds, or shrubs, but are 
probably more common than many insects more often 
caught, but dependent on some specific grass, weed or 
shrub. Only attention to a structural evaluation of 
the prairie can reveal the true relative numbers. 


SUMMARY 


Insect succession in and on cattle droppings in open 


pastures began with one or two species of flies and 


ended as the dropping disintegrated, with a possible 
population of several score species of various orders 
of insects. However, despite increasing acceptability 
of the older droppings to a greater number of species, 
any given dropping was actually likely to be inhabited 
by fewer species as it grew older. The greatest num- 
ber of species inhabiting it at a given time occurred 
during the early middle stages. 

Those species which were obligatory breeders in 
dung, especially cow dung, occurred early in the sue- 
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cession while those which were facultative breeders in 
dung tended to occur in later stages. 

Those species which were earliest in the succession 
tended to have (1) the shortest life histories and (2) 
the shortest periods of representation either in or on 
the droppings. Those species which occurred latest, 
tended to have the longest life histories and to be rep- 
resented longest in or on the dropping. Succession, in 
other words, moves faster during early stages and 
slower during later stages. 

The environment in which dung is dropped, has a 
profound effect on the composition of its fauna. 
Droppings in densely shaded woods have a different 
set of dominant insects than those in sunny, open pas- 
tures. Some species which are common in and on 
droppings in sunny pastures, are completely absent 
under dense shade. 

Physical properties of droppings and, to judge by 
differences in odor and color, chemical or bacteriolog- 
ical, were decidedly different in the two environments 
noted above. 

The degree of light on droppings in open pastures 
had a noticeable effect. Some of the early succession 
species failed to oviposit in dung dropped early at 
night. 
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THE ECOLOGY AND SILVICS OF FORESTS IN THE HIGH 
PLATEAUS OF PENNSYLVANIA 


In the past there has been little quantitative evi- 
dence on which to base descriptions of the tree asso- 
ciations occurring on the northern portions of the 
Allegheny Plateau. The large number of tree species 
characteristic of both the northern and southern forest 
regions; local topographie and soil differences; the in- 
fluence of glaciations; the presence of lakes and main 
river drainages; and above all the effect of logging 
and forest fires on the virgin forest, have resulted in 
a complex pattern of tree growth. 

It is small wonder that various authors differ in 
some respects when interpreting this region and its 
changing forests. Among the most interesting of the 
publications reviewed, from one point of view or 
another, are those by William L. Bray, E. H. Froth- 
ingham, R. B. Gordon, J. S. Illick and Leroy Frontz, 
O. E. Jennings, G. E. Nichols, C. S. Sargent, J. E. 
Weaver and F. E. Clements, and K. M. Wiegand and 
E. J. Eames. 

Descriptions of this region as first seen by the white 
man are preserved in the fragmentary accounts of the 
early explorers, missionaries, leaders of military ex- 
peditions, botanist-naturalists, land surveyors, and 
first settlers. It is impossible, however, to form a 
clear picture of pre-colonial forest conditions of the 
region as a whole from these meager and casual de- 
seriptions made at various times and places by differ- 
ent individuals. 


OBJECT AND METHODS OF PRESENT STUDY 


To determine the kind and extent of forest asso- 
ciations which existed in the virgin forest and some- 
thing of the chief factors responsible for their pres- 
ence, the Allegheny Forest Experiment Station made 
a series of extensive surveys in the High Plateaus 
section of Pennsylvania in 1928, 1929, 1930, and 1934. 
The areas studied were principally in the Allegheny 
National Forest, the headwaters of the Allegheny 
River in Potter County, and the Susquehanna River 
in Tioga and Sullivan counties. These are chiefly 
within the beech-bireh-maple type as described and 
mapped by Illick and Frontz in 1928.2 Figure 1 
shows the boundary of the type, and the points at 
which samples of the timber were taken. Original 
eastern white pine® stands were also studied in several 
locations now classed as the oak forest region. Field 
sampling made use of diameter tallies of standing 
trees in remnants of old growth, and of carefully 
identified stumps on recently cutover areas. Records 
of old stumps, of second-growth stumps, and tallies 
of third-growth reproduction were made on a number 

*The map of the beech-birch-maple type by Illick and Frontz 
was used as a guide to general localities to be studied, and de- 
tailed local information was obtained from the District Foresters 
of the Pennsylvania Department of Forests and Waters. 

% All species names according to Standardized Plant Names, 


2nd ed., 1942. Both scientific and common names of species 
listed in text are given in appendix. 


of recently cut areas. Detailed age counts were made 
on sections from trees located on 10 acreas of plots 
intensively studied in the East Tionesta Valley. 


CHARACTERISTICS OF THE REGION 


Physiographie divisions of the Northern Allegheny 
Plateau, elevational zones, and the character of the 
stream dissection in various parts of the plateau in 
Pennsylvania, are shown in Figures 2 and 3. The 
High Plateafls section resulted from a warping or 
upward doming of the plateau level to elevations of 
2000 to 2500 feet above sea level, over which the con- 
tinental ice sheet never advanced. Valleys are 
V-shaped, narrow, and winding, with a relief of 400 
to 800 feet or more. Interstream divides are broad 
and level, being upheld by hard sandstones of the 
Pottsville and Pocono series. Valley floors are nar- 
row, and slopes are usually steep and rocky. 

The broad soil type groups of the Plateau region, 
as mapped by the Bureau of Chemistry and Soils, ap- 
pear in Figure 4. The non-glaciated or residual soils 
of the High Plateaus section are mostly within the 
podzol or Dekalb-Leetonia series group, those of the 
southwest within the gray-brown podzoliec Rayne- 
Gilpin group. In this study no data were taken on 
the glaciated Lordstown-Volusia soils of New York or 
Pennsylvania. Dekalb soils are true podzols, usually 
shallow and stony, developed at high elevations on 
sloping or steep lands from non-caleareous sandstones, 
shales, and conglomerates. Leetonia soils oceur on the 
undissected higher plateau areas, and are well-drained, 
true podzols, developed on acid sandstones. Cookport 
and Clymer belong in the same soil type group and 
are derived chiefly from shales, with clayey subsoils. 
Small, poorly drained areas are often occupied by im- 
mature soil types such as the Lickdale series, and 
muck or peat soils. 

Precipitation and temperature of the High Plateaus 
section in Pennsylvania and western Maryland are 
indieated by Figures 5 and 6. These charts are based 
on all existing Weather Bureau records compiled by 
Morey in 1930 and later published as climatological 
charts for the Allegheny Forest Region. Annual or 
growing season averages, however, only partly explain 
the regional distribution of the original or present-day 
forest types. Climatie extremes, particularly when 
they oceur during critical growth periods, are more 
important than averages in influencing tree distribu- 
tion. The failure of most species characteristic of the 
High Plateaus forest to extend into lower elevations, 
except on cool, moist, north slopes, may well be due to 
the effects of prolonged periodic droughts, which are 
very severe in central and southern Pennsylvania. 
Any prolonged or severe drought, such as that of 
1929-1930 in the eastern United States, is particularly 
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damaging to tree growth. The periodic occurrence 
of such droughts, especially on shallow soils and 
steep slopes, results in heavy mortality among shal- 
low-rooted tree species such as eastern hemlock 
(Tsuga canadensis L.) and yellow bireh (Betula lutea, 
Michx.). The northward extension of the oaks and 
their associates, except along the major drainages and 
south-facing slopes, may well be limited, on the other 
hand, by extremes of cold in the High Plateaus sec- 
tion; the late spring and early fall frosts are quite 
damaging. 

Forest fires, associated with areas of high hazard 
and oceurring during drought periods, are also im- 
portant in affecting the local occurrence of forest 
types. Whether the eastern Indians set fire to the 
woods or not, the Plateau forest suffered from 
periodic lightning fires, just as it does today. 


Fig. 1. Boundaries of the beech-birch-maple-hemlock forest region, southern limit of glaciations, and location 


Prevailing winds of average velocity are another 
important climatie factor. Glaze storms, a fairly fre- 
quent climatic phenomenon on the plateau, are also 
destructive of standing timber, and initiate secondary 
forest successions of greater or less duration. Again, 
there is abundant evidence that extensive blowdowns 
caused by hurricanes or even local storms altered the 
original species composition in much the same manner 
as logging or forest fires. More will be said later of 
these climatie extremes and their effect on the major 
tree’ species and forest associations. 

The white-tailed deer, beaver, porcupine, and many 
other animals inhabit the virgin forests of the High 
Plateaus. Their effect on the forest is not as spec- 
tacular as that of fire or windthrow, but the browsing 
of deer on seedling growth, flooding out of timber 
above beaver dams, and wounding or killing of trees 
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by poreupine, undoubtedly are important in loeal 
areas both today and as a past influence on tree 
growth. The hemlock borer and other tree inhabiting 
insects also damaged the forest in times past. Tree 
diseases were seldom epidemic and rarely caused wide- 

) spread destruction, though hastening the death of 
older trees. 


COMPOSITION OF THE VIRGIN FOREST 


| White pine was the glory of the Pennsylvania lum- 
ber industry at its height. Today few foresters con- 
cede it more than a minor place in the forests of the 
High Plateaus. Early in the Station’s investigations 
it became evident that white pine occurred in the 
original forest in relatively small, well-defined areas 
as a distinet tree association or forest type. Stump 
patches of white pine, measured in tens, rather than 


na 
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Drainage, political, and physiographic subdivisions of the Northern Allegheny Plateau. 


hundreds of acres, dot wide areas where similar evi- 
dences of pine are nearly or totally lacking. What 
were the circumstances of its occurrence, did it have 
distinet associates, and in the absence of the logging 
industry would it have survived? 

Segregating the 15.2-acre sample of four localities 
containing white pine from the eleven examples of 
forest containing no pine (38.5 acres), gave the type 
compositions shown in Table 1. If white pine occurs 
on the 15.2 aeres merely by chanee—for example be- 
cause pine seed happened to be abundantly distributed 
there at the time the stands were becoming estab- 
lished, and if it does not oceur on the 38.5 aeres 
merely because of a contrary chance, it seems reason- 
able to expect no consistent differences in the propor- 
tion of its associates in the two samples. If, however, 
some factor or factors other than chance were operat- 
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ing, even temporarily, at that time, there should be 
some distinet differences. The latter appears to be the 
case. 
Table 1 indicates a distinet grouping of species with 
respect to occurrence in the white pine and non-pine 
plots and also shows that certain species, particularly 
hemlock, are found commonly in both associations. 
Species wholly confined to the white pine association 
include American chestnut in fairly large percentage, 
and oaks in small amounts. Red maple is largely con- 
fined to the white pine plots, although a little is found 
in the non-pine association. American beech, sugar 
maple, and black cherry are found in both but are 
markedly more abundant in the non-pine plots. Cer- 
tain species such as yellow birch, American hophorn- 
beam, and American basswood are present only in the 
non-pine plots. 

Hemlock, though more abundant in the non-pine as- 


Fig. 3. Generalized relief map of the Northern Allegheny Plateau. 


sociation, appears capable of existing in both. Sweet 
birch, yellow poplar, and cucumber magnolia are 
species of low abundance also found in both asso- 
ciations, and so have no indicator value. 

In Table 1 the range in percentage shown for each 
species is the extreme probable maximum and min- 
imum value to be expected in a similar sample of the 
virgin forest, or three times the standard deviation 
from the mean value. Since the lower limit for all 
species (except the 1.0 percent for white pine) is zero 
percent, it is impossible to define the white pine type 
by stating that every half-acre of it (individual sam- 
ples were of this size) may be expected to contain 
white pine and also some chestnut or oak species. It 
is equally impossible to define the non-pine association 
as invariably containing a certain minimum _per- 
centage of beech, sugar maple, yellow birch, or black 
cherry per half-acre, even though these are the most 
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Fig. 4. Soil associations of the Northern Allegheny Plateau Region. After Bureau of Chemistry and Soils (Year- 


book, U. S. Dept. of Agriculture, 1938, p. 1019 et seq.). 


abundant species. In short there seems to be no single 
species the presence or absence of which from a half- 
acre plot will indicate conclusively that the plot should 
be classed as either white pine or non-pine in char- 
acter. 

Plainly the combined percentages of those species 
largely confined to one type or the other (Table 1), 
are of more value in assigning a given sample plot 
to a type than are the figures for minimum and max- 
imum ranges. The total of white pine, chestnut, red 


maple, and oaks in the white pine type is 65.1 per- 
cent, as compared to 1.3 percent of these species in 
the non-pine type. Likewise the total of beech, sugar 
maple, black cherry, and yellow bireh is 62.1 percent 
in the non-pine type, and only 5.0 percent in the white 
pine type. 

Roughly a third of the basal area in both types is 
hemlock, and the proportion may be much greater. 
Recomputing the species percentages for each plot 
after omitting the basal area of hemlock shows that 
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Fig. 5. Average. Annual Precipitation (inches) of the Northern Allegheny Plateau. 


the white pine and non-pine types differ markedly in 
their hardwood composition. 

From the above it seems reasonable to conclude that 
the white pine and the non-pine (or hemlock-beech) 
forest types differ distinctly in species composition. 
They may be recognized by the total percentage of 
certain indicator species after the hemlock has been 
eliminated from the basal area. A sample of hemlock- 
beech will ordinarily have 50 percent or more of its 
basal area (minus hemlock) in beech, sugar maple, 
black cherry, and yellow birch, and less than 25 per- 
cent in red maple, chestnut, white pine, and oaks. A 
white pine sample will usually have 60 pereent or 
more of the basal area (again minus hemlock) in red 
maple, chestnut, white pine, and oaks, and less than 
35 percent, also in round numbers, in beech, sugar 
maple, black cherry, and yellow birch. It is possible 
that some samples may be found which are transi- 
tional between these two types, but in the 109 strip 
half-acre plots analyzed in this study, distinet differ- 
ences seem to be most common. 

A detailed study of soil conditions on ten carefully 
selected sample plots in a virgin forest on East Tio- 
nesta Creek indicates white pine capable of growing 
successfully on either the Leetonia stony loam, of 


relatively low silt-plus-clay content, or the Cookport 
silt loam, a rather clayey soil type. This species was, 
however, entirely confined to south- and west-facing 
slopes and originated only after a forest fire or wind- 
throw in this East Tionesta virgin forest. Hough 
(1942) found that, in general, hemlock-hardwood and 
the beech-maple forest types occurred on soils with 
higher colloidal content and greater amounts of avail- 
able calcium, potassium, phospate phosphorus, and 
nitrate nitrogen, than the white pine types. 

Table 1 indicates that hemlock was an important 
and widely distributed species in all types of virgin 
forest within the High Plateaus section. Some hem- 
lock oceurs on nearly as many plots as beech and 
sugar maple. There does, however, seem to be grounds 
for the segregation of a pure hardwood (beech- 
maple) subtype, inasmuch as 24 plots have no hem- 
lock whatever and 9 others have less than 10 percent. 
Moreover, five entire localities, each represented by 
seven plots, are low in hemlock basal area. As in the 
case of stands containing white pine, if some environ- 
mental condition, rather than mere chance, accounts 
for the abundance of hemlock in some localities and 
its scarcity in others, the species should have char- 
acteristic associates which are favored by the same 
condition. Table 3 shows the characteristic associates 
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TABLE 1. Species composition of virgin forest stands 
by percentages of plot basal areas. 





PLots WiTHOUT 
Wuire Pine 
(77 plots) 


PLots CONTAINING 
Waite PINe 
(32 plots) 


Range? “9 


. Range 
Species! a a 








>& a 
“4 = & 
Species confined mainly to the white pine type 
Eastern white pine......] 41.1] 1 81 0 0 0 
American chestnut 15.7 0 71 0 0 0 
Red maple RP ee 0 22 i Oe 6 
Oaks?..... soe Og 0) ep hy @ 0 
if ea a << Oe ee ; 1.3 
Species confined mainly to the non-pine type 
American beech. ...... 4.4 0 20 39.6 0 100 
Sugar maple.......... 0.1 0 1 15.9 0 59 
Black cherry...........]/ 0.5 0 3 3.6 0 25 
Wenow WON. 4 6 cass 0; 0 0 3.0 0 16 
American hophornbeam . | 0 0 0 0.2 0 1 
American basswood.... . 0 0 0 0.2 0 t 
Ws «sb cca reks | ve i re Px 62.5 
Species found in both white pine and non-pine types 
Eastern hemlock coca) wee 0 74 34.3 0 100 
Sweet birch........... 1.4 0 z | 0 7 
Yellow poplar..........]/ 0.2 0 3 0.2 0 4 
Cucumber magnolia.....| 0.2 0 2 0.1 0 3 
BM bcs lovtaal Mere ~ 55 23 35.7 





1 Minor species of low average percentage are striped maple and pin 
cherry, found in both associations; white ash, American hornbeam, and 
bitternut hickory, found chiefly in the non-pine association. 

2Includes Eastern red oak (Quercus borealis marima) and white 
oak (Q. alba). 

3Not actual, but based on three times the standard deviation from 
the mean. 


TABLE 2. Species composition, by percentages of basal 
area exclusive of hemlock, of virgin white pine and non- 
pine types. 





T 
Wuite Pine Type Non-Pine Type 











Characteristic or 
indicator species 








White pine, chestnut, | | 

red maple, oaks..... 89.6 62 | 100 3.6 0 23 
Beech, sugar maple, | | 
black cherry, yellow 








eee 56 100 


of hemlock to be different in the hemlock-beeech and 
the beech-sugar maple subtypes. 

The hemlock-beech plots contain, in addition to an 
overwhelmingly greater amount of hemlock, three or 
four times as much of the two birches and twice as 
much red maple as the non-hemlock plots. The beech- 
sugar maple association is characterized by six times 
as much sugar maple, nearly three times as much 
heech, and about twice as much black cherry as the 
hemlock-beech association. As in the similar com- 
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TABLE 38. Species composition of hemlock-beech and 
beech-sugar maple virgin forest associations, by average 
pereentages of plot basal areas. 





PLots Wirnovt 
HeMLockK* 


PLots CONTAINING 
HEMLOcK2 
Range+ _ 


| Range 


Species! 





HE | ES ce 
saj<a | 28! 58 
Species characteristic of hemlock-beech association 
Eastern hemlock.... . 61.4 6 100 1.7 0 14 
Yellow birch. . 4.2 0 19 1.5 0 10 
Sweet birch. . Ss ‘7 0 9 0.4 0 3 
Red maple ; 1.6 0 Ss 0.8 0 4 
Yellow poplar me : 0.3 0 6 0 0 0 
Cucumber magnolia 0.2 0 4 0 0 0 
seem, .... 69.4 A ree 4.4 
Species characteristic of beech-sugar maple association 
Sugar maple..... 4.8 0 22 29.2 0 71 
Black cherry 2.3 0 17 5.3 0 32 
Pin cherry oy 0 0 0 0.3 0 3 
Total.... oo 7.1 ; 34.8 
Species found in both associations 
American beech. . <2) ae 0 58 60.3 | 20 100 
White ash... oa 0.3 0 2 0.1 0 1 
American basswood 0.3 0 5 0.1 0 3 
Total. .... a 23.0 60.5 





!Minor species of low average percentage include striped maple, 
American hornbeam, American hophornbeam, and bitternut hickory. 

2Based on 53 plots. 

3Based on 24 plots. 

4Not actual but based on three times the standard deviation from 
the mean. 


parison of the white pine and the hemlock-hardwood 
associations, however, the range of percentages over- 
laps for all species in the two subtypes. The propor- 
tion of various hardwoods is of course distorted by 
the overwhelming abundance of one species, hemlock. 
If the hemlock basal area is disregarded, and species 
percentages are computed among the hardwoods 
alone, the percentage of beech becomes about 60 in 
both associations, and of black cherry about 5. On the 
other hand, the disparity between the associations in 
percentage of sugar maple, although halved, remains 
large, and in percentage of red maple and the birches 
is greatly increased. These associations appear, there- 
fore, to be reasonably distinet. 


AGE RELATIONSHIPS IN VIRGIN 
FOREST STANDS 


Information on the age of individual trees growing 
in the same stand is invaluable in reconstructing the 
conditions under which the several species probably 
reproduced. Detailed studies of tree ages were made 
on a series of ten sample plots situated in the East 
Tionesta Creek virgin stand. The character of the 
forest, and plot locations with respect to topography, 
elevation, and underlying rock formations are shown 
diagrammatically in Figure 7. Each plot was 1 acre 
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in area and the group of ten roughly transects the 
stream valley from southeast to northwest sampling 
the characteristic forest associations found on differ- 
ent aspects and topographic zones. Records and sam- 
ples from each plot included careful tree measure- 
ments and descriptions of all living individuals 0.6 
inches d.b.h. and larger; stem maps showing the loca- 
tion of each tree and of trees uprooted by wind, dead 
snags, ete.; soil samples; and cireular disks, or V-cuts 
taken at stump height or lower and removed to the 
office for careful counts of total age. In all, about 
7,500 specimens were procured for reconstruction of 
the age history of these ten plots. Counts were made 
under a binocular microscope, after sanding and pol- 
ishing each section on a sanding wheel. 


WHITE PINE 

The two white pine stands sampled (Plots 8 and 9) 
were on upper slopes facing southeast or southwest. 
Both sites had been burned in 1644, and had repro- 
duced to white pine, hemlock, chestnut, and other 
hardwoods. A tornado in 1811 destroyed nearly the 
whole stand on 33 acres, which again reproduced 
largely to white pine (Plot 9). The root systems of 
the younger or 123-year age class of white pine, illus- 
trated in Figure 8, definitely indicate its windthrow 


Average Annual Temperature (°F) of the Northern Allegheny Plateau. 


origin, and are quite different from those of the older 
stand. 

Earlier studies made in Cook Forest (Fig. 9) bear 
out the belief that white pine is commonly of ecata- 
strophie origin and is usually evenaged. Here a few 
veterans of about 440 to 450 years survived the fire 
which permitted the bulk of the present-day white 
pine to establish itself about 290 years‘ago. A limited 
number of age counts show that most of the pine 
originated shortly after the severe drought and fire 
year of 1644. 

Further evidence that the drought and fire of 1644 
noted in the East Tionesta Forest were not local phe- 
nomena only is drawn from an intensive study of 
stump ages in a former virgin stand of white pine, 
hemlock, and hardwoods bordering Hearts Content, in 
the Allegheny National Forest, some 25 miles north of 
Cook Forest. Hearts Content itself, consisting of 120 
aeres of virgin timber, is permanently preserved 
against cutting. Figure 10 shows for each important 
species on the upper slopes the percentage of indi- 
viduals originating in each decade prior to 1928. The 
general absence of trees of all species older than 290 
years is undoubtedly due to a severe catastrophe oc- 
curring in the twenty-eighth decade. This decade in- 
cludes the severe drought and fire year of 1644 fol- 
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lowing which the white pine increased at East Tio- 
nesta and Cook Forest. The story is, however, some- 
what more complicated at Hearts Content, because 
a series of age groups of white pine developed in 
the stand over a considerable period of years. It is 
likely that subsequent fires opened portions of the 
stand sufficiently to permit this to take place; Lutz 
(1928) presents evidence that fires were fairly fre- 
quent in this tract. Windthrow could also have been 
a factor in opening the stand to younger evenaged 
groups of white pine. It is significant, however, that 
no reproduction of white pine has added to this stand 
during the last 140 years, and that the present dense 
stocking, especially by a tolerant hardwood under- 
story, effectively prevents the survival of pine seed- 
lings. It is also interesting to note the association of 
white pine and hemlock in this stand with various 
oaks and with chestnut. Some of the oaks antedate 
the establishment of the oldest pine. Sugar maple is 
conspicuous by its absence, but red maple is im- 
portant. 


HEMLOCK 


All but one of the East Tionesta sample plots con- 
tained some hemlock. The age distribution of hemlock 
and, in two eases, the associated white pine, is shown 
in Figure 11. All plots on the unburned stream bot- 
tom, northwest-facing slopes, and plateau, are shown 


= 

Hemlock White pine White pine Fugitive Hemlock Hemlock Beech Hemlock Hemlock Hemlock 
300yrs. !23yrs 280-290yrs White pine 1I-S3lyrs. 1-161& 1-366yrs. 343-417 yrs. 315-421 yrs 1- 428 yrs 
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Fig. 7. Diagrammatie cross section of East Tionesta Creek Valley. 


on the left hand side of the figure and three plots on 
the opposite side of the valley on the right. 

There is a striking difference between these two 
groups in the age distribution by decades. On the un- 
burned series of plots it is evident that conditions 
were favorable for the establishment and survival of 
some hemlock during a period 360 to 420 years prior 
to 1934, with a peak establishment on all plots in de- 
cade 39, or between 1545 and 1554. The general 
agreement between plots is quite close though some 
have only a few trees in this very old age group. 
Best conditions for establishment of hemlock over a 
long period (450 years) clearly existed on the stream- 
bottom site of Plot 1, beside East Tionesta Creek. 
Hemlock evidently becomes established in great num- 
bers in certain decades, but even here is largely absent 
or low in numbers during other periods. Only on 
this stream bottom and on the moist lower slope of 
Plot 4 of the unburned series are hemlocks under 100 
years of age found in sufficient numbers to indicate 
that the old stand will be replaced by hemlock. This 
would indicate soil moisture to be an important fae- 
tor, because the other four plots are on much drier 
upland sites. The competition of the dense beech 
understories present on Plots 2, 3, 6, and 7, may also 
interfere with hemlock reproduction on these plots. 


* Trees smaller than 0.6 inches d.b.h. were not counted for 
total age in this study. This explains the abrupt drop in num- 
bers of hemlock in decades 1 to 40 since few hemlock reach 0.6 
inch d.b.h. or larger in less than 30 or more years. 
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Fig. 8. White pine now 123 years old, growing over mass of earth and roots torn up when original white pine 


tree was blown down by windstorm in 1811. Small hemlock at right with stilt roots largely engulfed by white pine 
also originated after the windthrow of 1811 though many antedated this catastrophe. 


Fig. 9. Virgin white pine-hemlock association at Cook 
State Forest, Pennsylvania. 


On the valley side subjected to burning in 1644, 
hemlock, like the associated white pine, became estab- 
lished in peak numbers following this catastrophe. On 
Plot 9, however, all but a few of the older trees were 
blown down by the tornado of 1811. The after-effects 
of this storm enabled small suppressed advance- 
growth hemlock to survive, and also the initiation of 
the evenaged white pine forest. On Plot 8 the same 
storm was evidently effective in opening the white 
pine-hemlock stand and thus indirectly aiding a 
younger age group of hemlock to reach a peak sur- 
vival about this time, but was not severe enough for 
the initiation of another white pine group. Only on 
this plot, where the white pine 280 to 290 years old 
are gradually dropping out and being replaced by 
hemlock and hardwoods, is hemlock of reproduction 
size fairly abundant. The age of this understory 
agrees fairly well with that on the unburned plots, 
and, inasmuch as Plot 8 is a dry site, probably indi- 
cates that a wet eycle 40 to 60 years ago aided the 
germination and survival of hemlock in the East 
Tionesta Valley. 

Contrary to what might be expected of a tolerant 
species, hemlock is shown by Figure 11 to be periodic 
in occurrence. It is, of course, influenced by natural 
catastrophes such as the drought and fires of 1644, 
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Fig. 10. Age distribution by species near Hearts Content, Pennsylvania. 


and the windthrow of 1811. Other dry and wet cycles 
have doubtless occurred during the 536-year life of 
the oldest Tionesta hemlock, and have affected the 
establishment of reproduction. Station observations 
made during the extreme drought of 1930 and more 
recently in the East Tionesta stands have shown that 
the chief influence of an exceptional or unusual 
drought is in the mortality of the larger or overstory 
trees both of hemlock and of the subsequently ex- 
posed beech. The resulting reduction in shade and in 
root competition enable the many small understory 
trees to respond with increased growth and eventually 
become dominant trees in the future stand. 

The controls influencing the periodicity of hemlock 
in the virgin forest are not alone the large-scale eli- 
matic or other catastrophes affecting mature trees. 
Suecess or failure of hemlock reproduction during 
given periods in the life of the forest also depends on 
a complex of microhabitat factors. Among these are 
the presence of viable seed, a substrate suitable for 
germination and establishment, and light, soil mois- 
ture, and mineral salts sufficient for survival and 
growth. Due to shallow rooting which creates severe 
root competition in the upper soil layers, dense low 
shade, and dry acid litter, a young, fully-stocked 
stand of hemlock may practically exclude any further 
reproduction from seeds during long periods. The 
long gaps in the oeeurrence and the peak establish- 
ment of hemlock in other periods are in large measure 
consequences of the silvical characteristics of hemlock. 


BEECH 


The age distribution of beech in these various white 
pine-hemlock, hemlock-beech, and beech-sugar maple 
plots is shown by Figure 12. The ten plots were in es- 


sential agreement as to the all-age character of this 
species and the data are combined in one graph. Re- 
production establishment and survival of enough 
beech to replace the mature stand are evident from 
this all-aged eurve, which begins with a few old veter- 
ans and increases quite steadily with the middle-aged 
and younger trees. The sudden drop from the peak 
numbers in decades 60 and 50 is not due to recent 
failure of beech to reproduce, but to the fact that the 
many saplings under 0.6 inch d.b.h. were not sampled. 
Few beech in the virgin forest reach this size in less 
than 40 years. 

On two sites there is some evidence of periodicity 
in the oceurrence of beech. In general, beech and 
hemlock on Plots 1 and 2 coincide in two or more 
broad periods distinetly favorable to reproduction and 
survival, and in a like number of unfavorable periods. 
This indieates that the same broad climatie and stand 
density factors operate regardless of individual 
species differences. 

Judging from its ubiquity under all conditions of 
stand history, in all physiographie, soil, and site eon- 
ditions, and over long periods of time, beech ranks 
highest in its capacity of establishment, survival, and 
growth in association with species of the East Tio- 
nesta tract (Fig. 13). It is less dependent on special 
stand conditions such as openings, or special seedbed 
and soil moisture conditions, than either white pine 
or hemlock. Even on the dry upper slopes where 
hemlock has failed to reproduce beneath an old stand 
for over 300 years, beech in a series of age groups 
forming an essentially all-aged stand has occupied the 
site in ever-increasing numbers during this same 
period. Both on the south-facing once-burned slopes 
and on the unburned north slopes and plateau, beech 
is able to build up an understory beneath mature hem- 
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Fig. 11. East Tionesta plots shown periodicity of hemlock establishment by decades. 
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lock, white pine,®> beech-sugar maple, or hemlock- 
beech mixtures. Although maximum recorded age of 
beech is 366 years, this species is not as long-lived as 
hemlock or white pine. Its ability to establish seed- 
ling and root sucker reproduction and to thrive, de- 
spite suppression, under conditions unfavorable to 
these conifers and to many of the hardwoods, insure 
its place in the forests of the High Plateaus. 


SuGcarR MAPLE 


The beech-sugar maple association was represented 
by two sample plots (3 and 5) located on upper 
slopes (Fig. 7) in the virgin forests of East Tionesta. 
An understory of sugar maple was found, however, 
on all except, stream bottom Plot 1. The maximum 
age of sugar maple counted was 420 years. Figure 14, 
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Fig. 13. Beech is the chief hardwood in the High Pla- 
teaus section. This tree developed in the virgin hemlock- 
beech association on an upper slope site. 
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Fig. 14. East Tionesta—Periodicity of sugar maple 
establishment by decades. 


based on the 1,472 sugar maples present on Plots 2 
to 10, shows that many decades elapsed between the 
origin of the two oldest trees, 420 and 353 years ago, 
and the establishment of any surviving progeny 230 
to 240 years ago. The influence of these older seed 
trees on Plots 3, 5, and 6 is plainly shown by the fact 
that these plots had the most abundant understory of 
sugar maple under 100 years of age, as well as trees 
up to 200 years old. Sugar maple older than decade 
7 are entirely lacking on the south-facing slope plots 
swept by the fire of 1644. Lack of older seed produc- 
ing sugar maple, due possibly to fire, has decreased 
the abundance of this species in this part of the val- 
ley. Red maple, however, is present both as older seed 
trees and as a younger understory on this burned 
slope. 

Sugar maple seems to have much the same repro- 
duction characteristics as beech, since both are capable 

5 Only under the dense 124-year-old white pine-hemlock stand 


of windthrow origin is beech low in abundance. Even here it is 
present and may be expected to increase. 
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Fig. 16. East Tionesta—Periodicity of yellow birch 
establishment by decades. 





been mentioned as being important chiefly on the 
burned slope, associated with white pine and hemlock; 
it is also found on the stream bottom in East Tionesta. 
Red maple rather than sugar maple was associated 
with white pine and hemlock at Hearts Content and 
Cook Forest. The age distribution of red maple re- 
sembles that of sugar maple, with long periods sep- 
arating the intervals of successful establishment. Red 
maple is less abundant than sugar maple in the sapling 
understory class under 80 years of age. 

Yellow birch is most abundant in the hemlock-beech 
association, especially on the lower slope plots. This 


percentage of yellow bireh grew on such sites than of 
any other species. 

Sweet or black birch reaches 192 years of age (in 
Hearts Content, 265 years), and is present as a fairly 
abundant understory less than 80 years of age on 
both burned and unburned slopes in Tionesta. It was 
not found on the stream bottom. A few birches were 
found in the white pine stand which followed the 
windthrow of 1811. Sweet birch has a light seed of 
wide dispersion, which will germinate on dry sites. 
But the seedlings seldom survive in any numbers 
without the aid of fire, wind, or some other factor 
which opened the old stand. 

Black cherry (Figures 18 and 20) is a fugitive 
species of great commercial value in the virgin forests 
of the High Plateaus. Although on the 10 acres of 
sample plots in East Tionesta Forest one tree had 
lived 258 years, only 17 were over 100 years old. 
Fairly abundant seed is produced about every other 
year in a given locality, and is distributed very widely 
by birds. It remains viable in the soil for two or more 
years. Some of this seed germinates every year 
throughout the forest, but seedling mortality is high 
except in openings. In moderate shade, seedlings may 
persist indefinitely, making relatively slow growth. 
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Fig. 18. East Tionesta—Periodicity of black cherry 
establishment by decades. 
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It is not uncommon for those 0.6 inch d.b.h to be 
20 years of age. In full sunlight, cherry seedlings 
outgrow all important associates. The foregoing 
silvieal characters account for the persistence of black 
cherry in the virgin forest, and its great abundance 
in secondary successions initiated after windthrow, 
fires, or logging. 

White ash, like black cherry, occurs in small groups 
or as scattered single trees in the virgin forest. Ocea- 
sionally plateau tops and upper slopes devastated by 
tornadoes regenerated to white ash, black cherry, yel- 
low poplar, cucumber magnolia, in mixture with seed- 
lings and saplings of beech, sugar and red maples, 
birches, and hemlock. Such areas were noted but not 
sampled in East Tionesta. In the undisturbed virgin 
forest, however, white ash reproduction and saplings 
are fairly abundant, and have survived up to 6 inches 
d.b.h. under 50 to 70 years’ suppression. Ash saplings 
of 30 to 40 years of age were more abundant than 
those of other age classes in the virgin forest. Many 
required 20 to 30 years to reach 0.6 inch d.b.h. Ash 
saplings in such sites persist fully as successfully as 
the birehes and more suecessfully than black cherry. 


Fie. 20. Black cherry 29.2 inches d.b.h. growing in 
East Tionesta virgin forest. 


ECOLOGY OF SECONDARY SUCCESSIONS IN 
SECOND-GROWTH STANDS 


The virgin forest of the High Plateaus of Pennsyl- 
vania is now reduced to a very few thonsand acres, 
chiefly in public ownership and intended for perma- 
nent preservation. It is the second- or third-growth 
forests which from now on concern silvieulturists, and 
to which they will apply the silvical information 
gained by study of the undisturbed forest. Data from 
samples of second- and third-growth, taken in 23 
localities on the Allegheny Plateau, indicate the often 
profound changes which the white man has brought 
about. Stump evidence on these plots was used in re- 
constructing the virgin forest associations previously 
described. In the main, these changes are affected by: 
(1) the highly selective character of early logging, 
which removed only those species which were eur- 
rently valuable; (2) the severity and extent of later 
logging, which removed seed-bearing trees over entire 
watersheds; (3) more severe and more frequent fires; 
and (4) great increases in the population of certain 
animals, such as deer and poreupines, due to extermi- 
nation of natural predators. 
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TABLE 5. Composition of second-growth Allegheny 


The various second-growth stands sampled repre- 
sent two major secondary successions: (1) those con- 
taining white pine; and (2) those dominated by 
beech, black cherry, sugar maple, and yellow birch. 
These two second-growth assocations differed sig- 
nificantly in species composition, based on percentage 
of total basal area. Stands of second-growth white 
pine had rarely regenerated following logging of 
virgin forest containing white pine. A careful recon- 
naissance of the entire plateau region revealed but six 
localities where substantial numbers of white pine 
reappeared in the second growth. Characteristic 


TABLE 4. Species composition of second-growth white 
pine stands by percentages of plot basal areas.1 








RANGE ? 
Average a ee 
Species total 
percent Minimum Maximum 
percent percent 
Eastern white pine....... 51.0 0 100 
Eastern hemlock......... 11.5 0 48 
WOR GOK. a ooo cake cs 8.5 0 | 42 
RU sia: vico.s wy 29's" 6.5 0 37 
American chestnut........ 5.7 0 22 
Black oak, Chestnut oak, 
and Scarlet oak... ... 5.1 - 

Eastern red oak......... 3.3 0 15 
American beech. ......... 2.5 0 15 
RA Set Sis ce cnt cmsox 5.9 - 





1Based on trees or reconstructed stumps 4” d.b.h. and larger on 
24 half-acre plots from 6 localities. 

2Not actual, but based on three times the standard deviation from 
the mean. 


associates of second-growth white pine are hemlock, 
various oaks, chestnut, and red maple. In all cases the 
second-growth white pines in a given locality were of 
evenaged character due to establishment after cata- 
strophic removal of the old stands by logging, fire, and 
land clearing. Fires in logging slash were the most 
frequent agency opening the stand and permitting the 
entrance of second-growth white pine. Subsequent 
fires have also scarred all except one old field stand, 
and have reduced the stocking. 

Eighteen of the 24 white pine plots were located 
on southerly or westerly aspects, four were on an 
east-facing lower slope, and two on a northeast ex- 
posure. This indicates that on the drier and more 
frequently burned south and west slopes white pine 
can grow more successfully in association with hem- 
lock and hardwoods than it can on moister sites. 

The second-growth hardwood-hemlock stands are 
composed of the species listed in Table 5, based on 
tallies from 17 localities in Warren, McKean, Elk, 
Potter, and Tioga counties, Pennsylvania. 

The logging of the virgin hemlock and beech forests 
left an understory of smaller beech, sugar and red 
maples, and some hemlock, which form an important 
part of the subsequent second-growth stands. Black 
cherry and the birches, on the other hand, originated 
as seedlings in the openings created by logging or fire. 
Black cherry ranks next to beech in percentage of 
total basal area in these stands, largely for reasons 
already given (pages 304 to 306). 


hardwood-hemlock stands by percentages of plot basal 
Areas.1 








RANGE? 
; Average So ene 
Species total 
percent Minimum Maximum 
percent percent 
American beech .......... 23.8 1.0 75 
Black cherry............. 16.7 0.2 59 
Sugar maple............. 16.6 0.4 57 
Yellow birch ........... 15.1 0.5 57 
Eastern hemlock......... 9.4 0.2 44 
FS a een 6.8 0.2 81 
DS vs cosa cnbncaus 5.6 0.2 28 
are er err ee 6.0 





1Based on trees or reconstructed stumps 4” d.b.h. and larger on 
68 half-acre plots from 17 localities. _ at 
2Not actual, but based on three times the standard deviation from 


the mean. 

The occurrence and particularly the severity of for- 
est fires following original logging also influence the 
species composition of second growth. A destructive 
slash fire soon after cutting greatly reduces the per- 
centage of sugar maple, beech, and hemlock in the 
subsequent stand and is followed by an increase in 
the abundance of light-seeded hardwood species such 
as the birehes and red maple. 


TABLE 6. Composition of second-growth Allegheny 
hardwood-hemlock stands as affected by fire. 





PERCENTAGE OF BasaL AREA 





Fire history 








Bs ta 2 - 
ioe s£|32| = 
> naime&| oO 
Severely burned 
to, ES AE f 17 2 18 4 26 12 | 4 
Lightly burned | | | 
16 plots. . .| 27 9 17 22 6; 5 3] li 
Unburned | | | | 
44 plots.......| 24 19 19 12 12 4; 6 5 





Black cherry is abundant on the severely burned 
plots, but also follows logging on the unburned sites. 
The relative searcity of this species on some of the 
lightly burned plots is probably due to shading by 
an overstory of beech and sugar maple. Some of the 
lightly burned plots were laid out in a lightly culled 
rather than a heavily cut beech-maple forest. 

The degree to which the original forest was logged 
is also a very important influence on second-growth 
species composition. Light culling of the virgin forest 
is followed by greater abundance of beech, sugar 
maple, and hemlock; whereas after both heavy and 
clear cutting the percentage of black cherry increases. 
Clear cutting, frequently associated with fire, is fol- 
lowed by increases in the abundance of red maple, 
sweet birch, black cherry, and, to a less extent, of 
yellow birch. Corresponding reductions in the per- 
centage of hemlock, beech, and sugar maple result on 
cleareut areas as shown in Table 7. 

Repeated burning since logging has been the fate 
of large areas in the High Plateaus section with the 
result that open degenerate stands of aspen-pin 
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TABLE 7. Severity of original logging as an influence 
on the composition of Allegheny hardwood-hemlock see- 
ond growth. 





Logging history 





Sugar 


| 
| maple 


Sweet 
| birch 
Red 
| maple 





| 
| 
| 





> | Others 


Clearcut! 

16 plots.......} 9 23 9 18 7 17 
Heavy cutting | | 

32 plots.......| 24 20 19 13 11 
Light cutting | | 

20 plots.......| 34 6 | 19 16 10 


— 
— 





'Fire burned 8 of the 16 clearcut plots and thus was a factor in the 
increase of the birches and red maple, as well as in a decrease in the 
beech, sugar maple, and hemlock, in this sample. 


cherry have developed. The scattered stand of tree 
species on such areas in the Allegheny National For- 
est is indicated in Table 8. Much of this land is 
occupied by shrubby and herbaceous growth of which 
bracken fern, blackberry, dwarf bush honeysuckle, 
goldenrod, sedges and grasses are prominent. 


TABLE 8. Effect of repeated fire on species composition 
of logged-over land in vicinity of Marienville, Pennsyl- 
vania (based on living trees 0.6 inch d.b.h. and over on 
17.5 acres). 








Locality 





cherry . 
Quaking 


> 
he 


as 
I 
n 

| Others 


| 





Average percentage of total numbers! 


1 27 | 22 | 23 | —2) 19 - _ _ 9 
2 29 6 | 26 | 30 1 4 $|=- 1 
3 8 | 15 | 25 1 — | 34 9 7 1 
4 7 | 12 2 1 : 55 | 11 | 12 

5 52 | 16} 11 1 7 _ 3 9 1 
6 43 | 37 5 2;10/; - 1 zi = 
7 26 | 60; 8/| 3 s$i- 








ivciiiali—0ih Senile 28 |23/17| 6| 7/10} 4] 3| 3 





1In compiling these data the percentage of total numbers of all trees 
in the 1- inch d.b.h. class and larger was used, instead of the basal area 
of trees 4 inches d.b.h. and over, due to the relative youth of the stand 
and large numbers of small stems. 

2Less than 0.5 percent = —. 


ECOLOGICAL RELATIONSHIPS BETWEEN 
MAJOR FOREST ASSOCIATIONS 


The three major forest associations in the virgin 
forests of the High Plateaus of Pennsylvania, and the 
two major associations in second growth, are not hard 
to relate ecologically. 

iverything which has been said of the white pine- 
hemlock association indicates that it is temporary; it 
established itself following a catastrophe to the pre- 
ceding association, and in the absence of further 
catastrophes, it will in time be replaced by hemlock- 
beech or beech-maple. But further catastrophes are 
not going to be absent. Man, to be sure, will modify 
some kinds of catastrophe which visited the virgin 
forest. Fires, for example, and not so surely epi- 
demies of insects or disease, will be less extensive 
under the white man’s occupancy of the High Pla- 
feaus than under the red man’s, and the chanees are 
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that windthrow and glaze storms, the frequeney and 
devastation of which in virgin forests are only begin- 
ning to be deduced, will not ravage the shorter and 
more compact short-rotation forests of the future to as 
great a degree. On the other hand, with axe, saw, and 
fire in the slash, man ean produce a forest catastrophe 
which surpasses in its thorough destruction any of the 
past. Much more subtle, but no less profound, 
changes in the forests are bound to result from man’s 
upsetting the natural balance between forest-dwelling 
squirrels, rabbits, mice, and deer, and their predators. 
In other words, ecological trends should more than 
ever be regarded as trends only. 

A number of criteria have been used rather gen- 
erally by ecolggists in recognizing climax associations, 
and one or two others have been proposed. Among 
these, the presence in the *understory of the same 
species as in the overstory is obviously valid. A wide 
age-distribution, or the presence among the dominant 
species of young as well as old trees, is another way 
of deseribing the same criterion; the evidence on ages 
obtained in the studies here reported is believed to 
be unique. Silvical characteristics of the dominant 
species, a thorough understanding of which is the 
basis of all suecessful forestry, are next in order of 
reliability. Species which seed regularly and abun- 
dantly without being narrowly limited as to seed bed, 
which endure shade, and which reach optimum 
heights, are most likely to characterize the climax, 
although longevity may offset the absence of one or 
more of these characteristics. Another criterion is the 
number of species in the dominant stand; only those 
best adapted to a given site will be likely to survive 
indefinitely for the climax. A criterion of dubious 
value is the maximum volume of wood produced at a 
given age or on a given site. 

The white pine-hemlock association of virgin for- 
ests, which has a slightly greater variety of species 
among the dominants in the average ¥2-acre sample, 
is dominated by the pine. This is a species which is 
absent from the understory and the younger age 
classes of mature stands. It seeds infrequently, ger- 
mination of its seeds is best on mineral soil, and it 
survives only slight shading. This overwhelming 
weight of evidence against the association as a climax 
is not counterbalanced by its producing by far the 
greatest volume of wood, since high wood production 
is characteristic of many forest associations known to 
be temporary. 

The hemlock-beech association is dominated by two 
species which have most of the characteristies of 
climax species. Beech is not only the most ubiquitous 
species of the High Plateaus, but appears most ‘n- 
variably in the underwood of virgin stands. This is 
the inevitable consequence of its abundant seed pro- 
duction, ability to germinate and survive on varied 
seedbeds, and its tolerance of overstory competition. 
Hemlock is less able to become established on all kinds 
of seedbed, but overcomes this handicap by extreme 
longevity. Stunted individuals of both species in the 
understory grow well when the larger trees are re- 
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moved. There can be no doubt that together they con- 
stitute a climax association. 

The place in virgin forest successions of the beech- 
maple association in this High Plateaus area is not so 
clear. Beech-maple stands, as exemplified by the 
sample plots in East Tionesta, are in some eases being 
invaded by hemlock as indicated by the presence of 
seedlings, and in other eases contain relicts of a very 
old age class of that species. Because seedling hem- 
lock is destroyed more readily by fire than the sprout- 
ing hardwoods, its absence from this association today 
may be the result of past fires. In this area, beech- 
maple may best be described as a local variant of the 
climax, or a stage just below the true climax—hem- 
lock-beech—and seem likely to be invaded by hemlock 
at some time in the future. 

The associations of the seecond- and third-growth 
forests, which have followed cutting by lumbermen 
and, in most eases, forest fires, are without doubt 
stages in secondary successions. In pure white pine 
stands the early lumbermen’s clear-cutting had the 
same ecological effect as so-called natural eatastro- 
phes. Later lumbermen, so far as they cut the seat- 
tered pines remaining, hastened the succession toward 
hemlock and hardwoods, but as their cuttings took 
more and more the character of clear-cuttings, they 
fostered the present sub-climaxes. The composition 
of eutover forests differs from that of their virgin 
prototype chiefly in having much less hemlock and 
more black cherry, yellow birch, red maple and sweet 
birch, the seeds of which are widely d’sseminated by 
wind or by birds. Second-growth white pine forests 
also have an inerease in the percentage of the heavy 
seeded oaks and a corresponding decrease in chestnut. 
It is interesting to note, however, that the chief result 
of logging is the introduction of a number of rel- 
atively short-lived species that temporarily invade the 
climax association. In the average cutover area, which 
has been unburned or only lightly burned (Table 6), 
the Allegheny hardwoods-hemlock forest usually eon- 
tains enough individuals of the dominant climax 
species to convert the stand eventually into a climax 
association, in the absence of any further man-caused 
disturbances. 

Beech-maple and hemlock-beech forests are truly 
stable associations that have great resistance to log- 
ging, fire, and other destructive agencies. It is only 
where repeated fires burn over the same area, or 
where poor air drainage results in frost pockets that 
the climax disappears completely and an entirely new 
association composed of pioneer species gains pos- 
session of the soil. 


SOME SILVICULTURAL IMPLICATIONS 


Knowledge of what constituted the original or 
virg'n forests of a given locality, and of the trends 
which may be expected in the development of the 
second growth, can be put to very practical use by 
forest land managers or silviculturists, to avoid costly 
mistakes in practice. Going further than the mere 
avoidance of faulty practices, they can so adapt tim- 
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ber stand improvement and harvest cutting methods 
as either to speed up natural forest succession or to 
hold it back, as seems required by the particular 
products or services desired from the land. 

On the High Plateaus of Pennsylvania, the evidence 
indicates that white pine should be favored only on 
the sites less suitable to hardwoods, such as abandoned 
fields or pastures, or aspen-pin cherry burns. Arti- 
ficial planting of pioneer coniferous species will often 
be necessary on such sites. The conversion of. good 
hardwood sites to white pine by clearing or fire and 
subsequent planting is not recommended, though silvi- 
culturally possible if cost is no object. Heavy harvest 
cuttings, of course leaving ample seed-bearing trees, 
and subsequent removal of hardwood sprouts and 
seedlings, are necessary measures for the perpetuation 
of pine forests on heavy soils. 

In second-growth hardwood-hemlock stands, partial 
cuttings are favorable to sugar maple, beech, and 
hemlock. A silviculture based on light and frequent 
harvesting of either cordwood or sawlogs will main- 
tain a species composition similar to the virgin forest 
climax. Such a forest probably is best able to meet 
the multiple demands for cellulose, control of water 
supply, wildlife, and recreation. Under this form of 
management, trees dying before maturity will be 
salvaged by light and frequent cuttings, growing 
stock will be maintained and high rates of growth in 
merchantable volume obtained. A forest harvested in 
such a manner will be largely proof against excessive 
losses from sunseald, windthrow, glaze, fire, and in- 
sects, unlike stands opened up by heavy cutting. 
Another advantage is the fact that in a national or 
individual emergency there is a reserve growing stock 
available for cutting. This type of forest can also be 
readily converted into other age forms or species com- 
positions as desired, by varying the amount or species 
eut. 

Heavier cuttings, removing one-half or more of the 
merchantable volume at necessarily infrequent inter- 
vals, are similar in effect to those natural catastrophes 
resulting from fire or wind and open up the stand to 
destructive climatic and biotic agencies. When used 
with judgment, heavy euttings, confined to the larger 
merchantable sawlog-sized trees, will promote the de- 
velopment of valuable subelimax species. If applied 
to groups, such euttings should result in opening the 
stand to reproduction of a desirable mixture of black 
cherry, white ash, yellow poplar, and other valuable 
species. Heavy cuttings should not be made in stream 
valley frost pockets or areas of poor air drainage. 

Repeated heavy cuttings of all merchantable timber 
depletes the growing stock and causes retrogression 
in species composition. Clear cutting of cordwood 
from young second-growth stands on short rotations 
favors a great increase in the short-lived “weeds,” or 
least desirable species, such as pin cherry, aspen, 
striped maple, hornbeam, hophornbeam, and service- 
berry. Shrubby and herbaceous vegetation and poorly 
formed stump sprouts also cover the ground to the 
detriment of desirable seedlings of the better tree 
species. 
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Forest fires, like heavy cutting, deplete the forest 
growing stock and cause a severe retrogression in both 
species composition and site quality. Fire is much 
more common and more difficult to control on heavily 
cut forest land, both because of the increased fuel and 
the more severe local weather. Although fire in old- 
growth forests often favored reproduction of the 
valuable white pine, it is plain that it should be de- 
liberately used only with the utmost cireumspection, 
if at all. 

Evidence of past catastrophes in the virgin forest 
has revealed the truly amazing recuperative power of 
forest growth in this region. The same is true of 
second-growth stands which have not been deteri- 
orated by heavy eutting or fires. Continued use of 
conservative harvest cutting practices will maintain 
the future productivity of the forests of the High 
Plateaus. The second-growth hardwood-hemlock stands 
of this region, especially those containing mixtures of 
black cherry and sugar maple, are admirably adapted 
to forest management. Such stands produce high vol- 
umes, have a rapid growth rate and will produce high 
quality sawtimber as well as cordwood products. 
Partial or selective cuttings directed toward removal 
of merchantable cordwood and sawlogs from such 
stands may be begun at an early age and will greatly 
stimulate the growth of the reserved trees of better 
species and quality. Such a form of management en- 
ables the landowner to perpetuate a desirable fast 
growing stand of high volume and value not only 
during his life but for the future. With reasonable 
care in harvest cutting these stands present no difficult 
problems in reproduction of desirable species, sanita- 
tion, or fire hazard. It is only where these stands have 
deteriorated through repeated fires or repeated clear 
cutting, that retrogression has resulted in inferior 
types of little use to man. The chief problem of forest 
management in well-stocked second-growth stands be- 
comes that of adopting partial cuttings as a woods 
practice in the wood-chemical and pulpwood, as well 
as the sawlog, operations in the High Plateaus region. 
Together with fire protection this will assure high 
yields and the future regeneration of the most valu- 
able tree species. 


SUMMARY 


To discover the kind and extent of major forest as- 
sociations in the northern portions of the Allegheny 
Plateau in Pennsylvania, the Allegheny Forest Ex- 
periment Station sampled remnants of virgin forests 
and reconstructed recently cut virgin stands. It also 
sampled second-growth stands, and made an intensive 
study of age distribution on a 6,000-acre tract of 
virgin forest in East Tionesta Creek. 

The region covered includes the Allegheny National 
Forest, the headwaters of the Allegheny River in Pot- 
ter County, and of the Susquehanna River in Tioga 
and Sullivan counties. This has been called the High 
Plateaus section by some authors. Soils in the area 
sampled belong chiefly to the Dekalb-Leetonia group 
and are true podzols. Average annual temperatures 
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range from 46° to 52° F. and average annual pre- 
cipitation from 38 to 46 inches. Climatic extremes 
such as periodic droughts favoring forest fires, violent 
windstorms causing loeal or more extensive blow- 
downs, and severe glaze storms are important factors 
in the life history of the virgin and second-growth 
forests of this region. 


Virgin stands included areas of white pine, which, 


were found to occur on small, well-defined areas. As- 
sociates of the white pine differ distinctly from the 
species characteristic of hemlock-beech and _beech- 
maple associations. The absence of hemlock from 
local areas led to the recognition of a beech-maple 
association, and is explained by evidence of period- 
icity of hemlock reproduction. 

Intensive aifalysis of age distributions in East Tio- 
nesta, Hearts Content, Cook Forest, and many second- 
growth stands, reveals white pine to have originated 
as even-aged stands—or in a few cases as successive 
even-aged groups—as the result of catastrophes which 
practically wiped out, or opened up, the preceding 
stands. Droughts followed by forest fires are known 
to have been the catastrophic agents in some eases, 
windthrow in others. 

Hemlock also is shown to be surprisingly periodic 
in occurrence, and to have been favored in specific 
cases by the same factors which opened the mature or 
virgin forest to the entrance of white pine. On un- 
burned south-facing and plateau sites in the East 
Tionesta, periodic droughts and insects removed aged 
veterans much as drought and fire removed them from 
the drier south-facing slopes. 

Beech is not only the most ubiquitous hardwood, 
but is also present in practically all ages and sizes. 
Even on a dry slope where hemlock failed to repro- 
duce beneath a mature hemlock stand for over 350 
years, beech invaded the area in a series of age groups 
with ever-increasing numbers. This species ranks 
highest in its capacity of establishment, survival, and 
growth in competition with associated species, and is 
less dependent on special seedbeds, soil moisture, or 
light, than either white pine or hemlock. On the other 
hand, it is less long-lived (366 years is the maximum 
recorded). 

Sugar maple in the East Tionesta forest was much 
less abundant than beech, but attains greater age (420 
years). Where seed trees are present it reproduces 
well beneath the canopy of the virgin stand in both 
the hemlock-beech and beech-maple associations. It 
is generally lacking in the white pine types, probably 
due to destruction of seed trees by fire. 

Red maple, yellow and sweet birch, white ash, and 
black cherry are local in oceurrence and periodic in 
age distribution. Red maple is found on both moist 
stream bottoms in old hemlock-beech stands, and on 
dry south-facing slopes associated with white pine. 
Yellow birch is most abundant in the hemlock-beech 
association, especially on lower slopes, where ocea- 
sional old trees and many saplings and poles—mostly 
under 80 years of age—are found. Seattered large 
black cherry up to 258 years old, and local groups of 
reproduction, are found in the virgin forest. 
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Second-growth stands following logging and fire 
fall into two major associations (1) those containing 
white pine, and (2) those dominated by beech, black 
cherry, sugar maple, and yellow birch. As in the 
virgin stands, the characteristic associates of white 
pine were hemlock, various oaks, chestnut, and red 
maple. The chief factors influencing the species com- 
position of second growth are destructive forest fires 
and excessive logging in the original stand. 

Ecological relationships among the major virgin 
forest associations of the High Plateaus section are 
simple. The white pine association is a long-lived 
sub-climax; hemlock-beech is the characteristic eli- 
max; beech-maple is a phase of the hemlock-beech 
climax due to the local absence of hemlock at the 
present time. The second-growth forests are all sub- 
climaxes created by retrogressions, the white pine 
types being especially impermanent and difficult to 
perpetuate under forest management. The various 
hardwood-hemlock mixtures dominated by beech will 
gradually revert to the climax in the absence of 
further destruction due to heavy eutting and fire, and 
may be handled readily by partial cuttings for both 
cordwood and sawlogs. Repeated heavy cuttings, like 
forest fires, are very detrimental and cause the forest 
to revert to brush. 
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APPENDIX 


List of Plant Species Mentioned in Text, 
Standardized Plant Names, 2nd ed. 1942 


Climatological charts for the Alle- 
Dept. Agr. Mo. Weather 


The hemlock-white pine-northern 
Ecology 


Report on the forests of North 
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Scientific Name Common Name 


ACE PORNSYLUONAOWM. ... o 6 oc cc cece ccccccs Striped maple 
Pe TINS cio aG oa eens kaa wss kes dees Red maple 
Or EEE ss opie a oh ss cast ceupies oe Sugar maple 
Amelanchier canadensis.......... Shadblow serviceberry 
EN OE in Sipe echo e eu bade aes ur Sweet bireh 
TUNE orien rsa ek seeiwe geese te Yellow birch 
Carpinus caroliniana..............44 American hornbeam 
COTE DOTU OFM ooo occ Sioeb ao cesaws Bitternut hickory 
Castanea dentata....................Ameriean chestnut 
Diervilla lonicera.............. Dwarf bush honeysuckle 
ee a eS American beech 
PF PRRRME THUNOTEOING 5 oo i5 555.5 5 co va oie woo see te White ash 
Lirtodendron tulipifera..........cccecc0. Yellow poplar 
(Forestry), Tulip tree 

Magnolia douminata............00%. Cucumber magnolia 
Ostrya virginiana...............American hophornbeam 
PUN UTI 355 )a5.0) 580565 895m 66 sis bs ee Eastern white pine 
i ee Pee eee eee ere Quaking aspen 
Populus grandidentata. ...........0c000: Bigtooth aspen 
re ra eee Pin cherry 
EPO NIN Sor ae ac isa cdo slag be oa ola Black cherry 
Plevidsm (ntimeculum... wk ow ce ce case Bracken fern 
SMR RIBS Cs Secale vara slog ees cies wip uals ase Oaks 
sD ERE 7a ea ro a aa oe a a White oak 
Quercus borealis maxima............... Eastern red oak 
PEIN MPOUNN 6. Scio coe bls kind cae owae Searlet oak 
ee a eel a ea Chestnut oak 
ae ea a ae ee a ee Black oak 
Rubus allegheniensis..............4 Aliegheny blackberry 
MMR ce iS creel noes aa T vinwe oe bck SS Goldenrod 
Tilia americana (glabra)...........Ameriecan basswood 
(Forestry), American linden 

Tsuga canadensis.......... Eastern hemlock (Forestry), 


Canada Hemlock 
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SESSILE MARINE INVERTEBRATES OF BEAUFORT, 
NORTH CAROLINA 


A STUDY OF SETTLEMENT, GROWTH, AND SEASONAL FLUCTUATIONS 
AMONG PILE-DWELLING ORGANISMS 


INTRODUCTION 


To a casual observer the animals that grow upon 
the piles of bridges and wharves and upon stone and 
concrete break-waters are perhaps the most conspicu- 
ous element of the marine fauna at Beaufort. No 
solid object that has been exposed for more than a 
few weeks is free from such inerustation, provided 
only that it is covered by water at high tide. One ean- 
not but be impressed by the evidence of intense com- 
petition, both inter- and intra-specific, for space, 
among these organisms. Before the advent of man 
and his works to the North Carolina coast solid ob- 
jects to which attachment could be effected must have 
been scarce indeed, for the bottom everywhere is com- 
posed of sand or mud. Probably mollusean shells, 
the projecting ends of worm tubes, and sunken wreck- 
age from forests of the coastal plain afforded then, as 
they do now, a somewhat insecure basis of attachment 
to sessile animals, but there can be little doubt that 
structures built by man have made possible a vast in- 
crease in numbers of most species, and perhaps an 
extension of the range of many. 

Studies of marine fauna at Beaufort, North Caro- 
lina, began as long ago as 1860, when Gill and Stimp- 
son worked there. In 1902 the United States Bureau 
of Fisheries established a laboratory on Piver’s Island, 
opposite the town of Beaufort, and in 1937 Duke Uni- 
versity opened a Marine Station on the same island. 
It was at the latter establishment that the writer was 
privileged to work in 1939, 1940, and 1941. 

Although extensive and intensive studies have been 
made of various elements of the Beaufort marine 
fauna, only two investigators have concerned them- 
selves primarily with the sessile organisms as a group, 
Visscher (1928) and Norton (1939). The former was 
concerned with the nature, extent, and _ seasonal 
abundance of fouling of ships’ bottoms and of test 
panels of various types at Beaufort. Norton studied 
the vertical distribution of organisms upon wharf 
piles, and it was partly in the hope of extending and 
supplementing Norton’s observations that the present 
investigation was undertaken. 

The present investigation was carried on from Feb- 
ruary, 1941 to February, 1942. The aims were to dis- 
cover (a) peculiarities of distribution, vertical and 
horizontal, of pile-dwelling organisms and their causes, 
and (b) breeding periods, rates of growth, and sea- 
sonal abundance of predominant species and seasonal 
succession of changes that oceur in the community of 
pile-dwelling animals. 

Coe & Allen (1937), in summarizing nine years of 
observations on the growth of sedentary marine or- 


ganisms on the coast of California, remark that “each 
of the nine years has shown certain peculiarities both 
in the periodicity and in the abundance of some of 
the organisms found on the experimental blocks and 
plates. In fact, each month of each year has been in 
some respects different from every other month.” The 
writer is aware of his temerity in presenting data that 
have been accumulated in the course of one year only. 
Such data must be regarded as provisional, but it is 
hoped that the tentative information acquired in this 
investigation, and the numerous problems that have 
arisen in the course of it, may prove of interest, and 
perhaps of value, to other workers in this field. 

The writer is indebted to Dr. A. S. Pearse and to 
Dr. C. G. Bookhout for much kindly adviee, criticism, 
and encouragement, for help in the identification of 
specimens, and for the use of various items of equip- 
ment. Dr. H. F. Prytherch, Director of the United 
States Fish and Wild Life Service at Beaufort, N. C. 
made it possible for him to work there on a number 
of occasions in the spring of 1941. Mr. C. R. Shoe- 
maker and Dr. Waldo L. Schmitt of the United States 
National Museum kindly identified certain amphipods 
and shrimps respectively. The problem of identify- 
ing bryozoan specimens was resolved by the kindly 
assistance of Dr. R. C. Osburn. Mr. William Vanee, 
Jr. and Master Louis J. Noe kept a thermograph in 
operation on many oceasions when the writer was un- 
able to be present. Miss Janet Gift lent her talent to 
the execution of some of the figures that appear on 
later pages. Dr. George W. Wharton read the writer’s 
manuscript and made constructive suggestions. To all 
these persons the writer wishes to express his thanks 
for their invaluable assistance. 


REVIEW OF LITERATURE 


Marine invertebrate animals have attracted the at- 
tention of men from earliest times because of their 
intrinsic interest as living things. The structure, life 
history, and habits of many species have been investi- 
gated in the spirit of pure science, without thought of 
any useful application of the knowledge thus ac- 
quired. Yet studies of the most “useless” animal may 
result in the formulation of general biological prin- 
ciples of great value. Studies of marine invertebrates 
have been particularly fruitful in the field of ex- 
perimental embryology. 

Many marine invertebrates are themselves useful 
or harmful to man or affect other species which are 
useful or harmful. Their study has been stimulated 
by the hope of controlling their activities in aceord- 
ance with human needs. Wood-boring molluses of the 
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family Teredinidae, for example, are immensely de- 
structive of submerged wooden structures and have 
accordingly attracted the attention of scientists. 
Among recent investigations may be mentioned those 
of Atwood (1924) for the Washington National Re- 
search Council, of Miller (1926), Kofoid & Miller 
(1927), and Johnson & Miller (1935) on the Califor- 
nia coast, and of B. H. Grave (1928) at Woods Hole. 
Sigerfoos (1907) studied the natural history, organ- 
ization and late development of the Teredinidae at 
Beaufort, North Carolina. The isopod Limnoria lig- 
norum is another destructive borer, the habits of 
which have been investigated by Coker (1923) at 
Beaufort, and by Henderson (1924) at St. Andrews, 
New Brunswick. 

Among useful marine invertebrates the edible mol- 
luses are probably most important, and of these the 
oyster undoubtedly holds first place. So great a 
volume of literature has accumulated in recent years 
on the subject of oysters and methods for their culture 
that a summary of it here would be of little value and 
will not be attempted. 

Many sessile marine invertebrates are harmful to 
man because of their tendency to settle in great num- 
bers on the bottoms of ships. The resulting loss of 
speed, increased fuel consumption, and expense in- 
volved in dry docking and scraping operations have 
stimulated inquiry into the nature of fouling and a 
search for methods to prevent it. Perry & Bray 
(1923) carried out some rather inconclusive tests with 
different-colored tiles at Beaufort, North Carolina. 
Parker (1924) found that test panels of copper and 
zine became less heavily fouled than panels of iron, 
aluminum, tin, and lead. This he attributed to the 
fact that copper and zine are appreciably soluble in 
sea water, and are therefore continually protected by 
a layer of toxie ions. When copper plates were 
rendered inactive by coupling them with metals higher 
in the electromotive series they soon became heavily 
fouled. Visscher (1927) has published a compre- 
hensive report upon the “Nature and Extent of Foul- 
ing of Ships’ Bottoms.” The fouling organisms he 
says “are almost exclusively those commonly found on 
rocks and other submerged structures near the shore, 
especially in harbors,” and almost all fouling occurs 
while vessels are in port. Since vessels frequently 
become fouled within thirty days of being scraped 
clean and coated with autifouling poison paint, Viss- 
cher concludes that such paints are of little value. 
Whatever antifouling property they do possess he at- 
tributes to the hard, smooth-surface film which they 
present, for he finds that fouling oceurs most readily 
on rough surfaces. Visscher observed that many 
species of fouling organisms grow most abundantly 
on those parts of a ship’s hull which are shaded from 
direct sunlight. When test panels and tiles of various 
colors were submerged he found that black or dark- 
colored surfaces became most heavily fouled, while 
white or light-colored surfaces remained relatively 
clean. Most species of fouling organisms exhibited 
this preference for dark surfaces, but particularly 
harnac'es. Further researches into the reactions of 
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larval barnacles to light of different intensities and 
colors are reported in papers by Visscher (1928) and 
Visscher & Luce (1928). The amount and kind of foul- 
ing that a ship acquires in any given harbor varies 
not only with the duration, but with the season of its 
stay, for the growth and reproductive activities of 
fouling organisms vary with the seasons. “Very little 
is known, however, regarding the exact details of this 
question as it applies to those organisms that cause 
fouling on ships’ bottoms” (Visscher 1927). Brief notes 
on the breeding of animals at Woods Hole were pub- 
lished by Bumpus (1898), Mead (1898), and Thomp- 
son (1899). Caswell Grave and his co-workers have 
determined the breeding periods of several species 
of ascidians at Woods Hole and elsewhere on the 
Atlantie coast (C. Grave 1920, 1935; Grave & MeCosh 
1923; Grave & Woodward 1924). B. H. Grave (1930) 
found that the bryozoan Bugula flabellata bred at 
Woods Hole between June 10 and November 15. Viss- 
cher listed the approximate breeding periods of seven 
groups of fouling organisms at Boston, New York, 
Norfolk, and Beaufort. He found that “each of these 
is found earlier in southern waters . .. than in the 
cooler and more northern waters” and that “the 
barnacles and some of the others have a more ex- 
tended breeding period in warm waters than in those 
north of New York, where these periods are limited 
sharply for most organisms.” He concluded his paper 
with a plea for, among other things, “an intensive 
study of seasonal periodicity of fouling organisms.” 
In 1918 Dr. C. D. Parmenter introduced at Woods 
Hole a new method of collecting bryozoans and other 
sessile animals (Bissonette 1930). Wooden racks, 
each bearing twenty glass microscope slides, were sus- 
pended from floats so that they hung about three feet 
below low tide mark. After a time the slides were re- 
moved and the animals that had settled upon them 
were conveniently examined in the laboratory. B. H. 
Grave (1933) employed a similar device and also 
used collecting surfaces composed of wooden stakes, 
floating wooden erosses, molluscan shells, small stones, 
and bricks. These various objects were submerged 
and examined at regular intervals so that data were 
cbtained on the breeding season, rate of growth, age 
at sexual maturity, and duration of life of organisms 
that became attached to them. Grave was struck by 
the surprising rapidity of growth and early matura- 
tion of organisms. He found that Bugula, Botryllus, 
and various hydroids spawned before they were two 
months old and probably did not survive a full year. 
Balanus, Hydroides, and Teredo spawned during their 
first season, but more abundantly in their second year, 
after which they died. Cumingia, Chaetopleura, and 
Ostrea, however, “often live from four to six years 
and spawn several times each year.” 

Coe (1932) and Coe & Allen (1937) have reported 
on a long series of experiments directed primarily to- 
ward a solution of the fouling problem. During a 
period of nine years, collecting surfaces consisting of 
wooden and cement blocks, cement plates, and glass 
plates were suspended from the pier of the Seripps 
Institution of Oceanography at La Jolla, California. 
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Surfaces were submerged at intervals of two and four 
weeks and were examined after periods of sub- 
mergence that varied from one week to eight months. 
After removal from the water each surface was 
scraped, and results are expressed in terms of the 
volume of growth of each species that was found. In 
general, a marked uniformity was evident in species 
represented at each season of the year, but the abun- 
danee of each species varied greatly from one year to 
another. Each species, and each group of allied 
species, was found to have its own characteristic sea- 
sonal periodicity; algae and the hydroids, for ex- 
ample, formed the principal new growths during 
cooler months of the year, while sponges, molluses, 
ascidians, and others increased most rapidly in sum- 
mer. Visseher (1927) found that on the Atlantie coast 
also allied species tended to have similar seasonal 
periodicities, but in the opinion of the writer there is 
little support for this claim. Coe & Allen (1937) 
found that a complex set of factors is concerned in 
the seasonal periodicity and variation in abundance 
from year to year of many organisms. Physical fae- 
tors, such as variations in water temperature, and 
severity and duration of surf action, were found to 
be important, but so also were the effects of one 
species upon another. Warm winters, for example, 
were correlated with a searcity of phytoplankton and 
with a decrease in numbers of barnacles, oysters, and 
other plankton feeders in the following summer. Sea- 
sons favorable for the growth of hydroids were favor- 
able also for the nudibranchs and caprellids which 
fed upon them. An unusual abundance of a colonial 
amphipod, Erichthonius, prevented the attachment of 
young barnacles and oysters; and heavy growths of 
an alga, Eetocarpus, had a similar effect. A scarcity 
of barnacles allowed more space for the growth of 
certain other sedentary organisms. The intensity of 
competition that was observed is indicated by the fol- 
lowing passage from Coe (1932): “It not infre- 
quently happens that more individuals, even of a 
single species, attach themselves within a few days 
than can possibly find space for continued growth. 
This overcrowding forces an intense competition for 
the available food and oxygen, resulting in the suffo- 
cation or starvation of all except a minute fraction 
of the original population. As newcomers continue to 
arrive, they frequently attach themselves directly to 
the growths already present, eventually forming a 
superficial layer of living organisms upon the dead 
shells of the earlier settlers. Barnacles and oysters 
are thus destroyed in vast numbers.” 

To compare the relative effectiveness of wood and 
cenient as collectors, Coe examined blocks of each sub- 
stance that had been submerged for eight weeks. 
Algae, oysters, and hydroids were most abundant 
upon wood blocks, barnacles and most other organisms 
on cement blocks. Obelia, Bugula, and Crisia, how- 
ever, were equally abundant on the two types of sur- 
faces. Comparisons were also made of glass plates 
that were dry before being submerged and others 
which had been merely seraped free of attached or- 
ganisms and resubmerged while still wet. The latter 
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always became fouled more rapidly and more heavily 
than the former, an observation that suggests the im- 
portance of a primary film of organic matter for the 
attachment of sessile organisms. 

The results of a comprehensive investigation of 
fouling conditions at Kaneohe Bay, Oahu, Hawaii, 
have been published by Edmondson & Ingram (1939). 
The principal types of organisms concerned in foul- 
ing in that region are barnacles, bryozoans, serpulid 
worms, oysters, and ascidians. In addition to study- 
ing the seasonal fluctuations, rate of growth, and gen- 
eral ecology of these animals, special studies were 
made of the effects upon them of temperature changes, 
fresh water, desiccation, and sunlight, and of their 
reactions to different-colored surfaces, to metals of 
several kiifds, and to various poison paints. In gen- 
eral, experimental surfaces became less heavily fouled 
in January and February than in other months, 
“probably because of environmental factors such as 
lower temperature, and frequent turbidity and dilu- 
tion of surface waters by heavy rainfall.” Adult 
barnacles, however, were found to contain abundant 
nauplii during these two months, so that the adverse 
environmental conditions are presumed to have af- 
fected the metamorphosis and attachment of larval 
barnacles rather than the reproductive capacity of 
adults. Edmondson & Ingram found, as other workers 
have done, that dark-colored or shaded surfaces be- 
came fouled more rapidly than light-colored or un- 
shaded surfaces. However, they concluded also, on 
the basis of apparently rather limited data, that set- 
ting of larvae oceurs as freely at night as in daytime. 
While forced to admit that “white surfaces have an 
antifouling advantage over dark ones for short 
periods of time,” these authors are skeptical of the view 
that color of surface is an important factor in fouling 
or its prevention. Pomerat & Reiner (1942) found 
that in Santa Rosa Sound, Florida, about 70 percent 
more barnacle larvae became attached to black than 
to opal or clear glass plates, but that when such plates 
were submerged only during hours of darkness about 
equal numbers of larvae became attached to the three 
types of plates. These workers also investigated the 
distribution of various sessile organisms on glass 
plates set at different angles. Molluses, bryozoans, a 
sponge, and a tube-dwelling worm settled most abun- 
dantly on the under surface of a horizontal plate, but 
young barnacles (Balanus eburneus) appeared in 
about equal numbers on plates at different angles. 
The authors offer no adequate explanation of these 
phenomena. 

Until recently studies of littoral faunas from an 
ecological point of view have been relatively few. 
One of the earliest of these was a survey by Verrill & 
Smith (1874) of “The Invertebrate Animals of Vine- 
yard Sound and Adjacent Waters.” Among inverte- 
brates of the shores and shallow waters these authors 
found “three distinet assemblages of animal life which 
are dependent upon and limited by definite physical 
conditions of the waters which they inhabit,” namely, 
the fauna of bays and sounds, the fauna of estuaries 
and brackish waters, and the fauna of the cold waters 
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of the ocean shores and outer banks and channels. 
Each of these primary groups was further subdivided 
on the basis of environmental factors such as the char- 
acter of the bottom or shore. Verrill was not unaware 
of the interactions of different species of animals, but 
the communities he recognized seemed to be limited 
by features of the physical habitat rather than by 
such interrelations. Classification of marine faunas 
on the basis of subdivisions of the physical environ- 
ment continues to be a valuable method of procedure, 
but recent investigators have tended to pay increasing 
attention to those biotic relations which affect the 
composition and distribution of marine communities. 
Petersen & Jensen (1911) made quantitative studies 
of animal life on the sea bottom in Danish waters. 
They gave to each community the name of the most 
abundant or predominant species in it. Though the 
boundaries and composition of each community were 
determined in part by physical factors, they could 
not be properly understood without taking into con- 
sideration the effects of one species upon another. 
Huntsman (1918) studied the vertical distribution of 
intertidal animals at a station on the Bay of Fundy. 
The upper limit of distribution of certain predatory 
species, a whelk, a sea-urehin, and a star-fish, were 
found to be determined by physical factors, but the 
lower limit for mussels and barnacles coincided with 
the highest level at which they could be attacked by 
predators. The limits of these two communities were 
determined by a combination of physical and biotic 
factors. On the Pacific coast, studies have been made 
of tidal and subtidal communities by Shelford and 
his co-workers. Most of these studies have been quan- 
titative in character and have emphasized the im- 
portance of {a) interrelations of member species of 
each community, and (b) changes, successional or de- 
velopmental, which occur with passage of time. The 
significance of physical factors is recognized, but in 
the classification of communities “as a general rule, 
where a definite assemblage of organisms can be used, 
the organisms rather than the habitat should be fol- 
lowed” (Shelford 1932). The components of a com- 
munity or association are classified as dominants, sub- 
dominants, influents, and subinfluents according to 
the extent to which each affects living conditions in 
the community. Communities are designated by the 
names of their predominant components instead of by 
their physical characteristics. There is some doubt 
whether succession, leading eventually to climax asso- 
ciations, occurs in marine as it does in terrestrial com- 
munities. Pierron & Huang (1925) studied the se- 
quence of events involved in the reoecupation of arti- 
ficially denuded rock surfaces in the intertidal region. 
They found development, but no true succession; that 
is to say, no species proved indispensable to the estab- 
lishment of later arrivals and was displaced by them. 
Hewatt (1935), however, maintains that in the 
“Mytilus californianus Habitat” in Monterey Bay, 
California, ecological succession takes place and re- 
quires something more than two and one-half years to 
reach a climax. Limpets, one of the first arrivals on 
denuded rocks in that region, are later displaced by 


KENNETH DovuGAL McDouGALL 








Ecological Monographs 
Vol. 13, No. 3 
barnacles and mussels; the latter in turn afford essen- 
tial protection for a number of smaller species. The 
observation by ZoBell & Allen (1935) that primary 
films of marine bacteria may promote the attachment 
of macroscopic organisms suggests the occurrence of 
succession. Most littoral communities “are character- 
ized by short life histories and rapid replacement; 
henee, also, rapid development and quick response of 
community composition to minor changes in external 
conditions” (Shelford 1935). Many changes are sea- 
sonal, recurring year after year in approximately 
the same way, a process that has been designated as 
“aspection” to distinguish it from succession proper. 
Some investigators have continued to emphasize 
physical rather than biotic factors involved in the 
delimitation of communities and associations. Sumner, 
Osburn, & Cole (1911), for example, continued and 
extended the observations of Verrill by “A Biological 
Survey of the Waters of Woods Hole and Vicinity.” 
This work is coneerned chiefly with subtidal levels. 
The fauna is first treated systematically, but econ- 
sideration is given also to the physical conditions 
which affect the distribution patterns of many species. 
Character of the bottom, temperature of the water, 
and depth are regarded as the factors of chief im- 
portance. Allee (1923, 1923a, 1923b) was primarily 
concerned with littoral and shallow-water fauna in 
the Woods Hole region. He recognized two primary 
associations, that of rocky eroding shores and that of 
depositing shores. Each of these was further divided 
into minor associations, also delimited by physical 
characteristies of the habitat, such as character of the 
bottom, temperature, pH, oxygen content, and cur- 
rents. “Animal associations in a region such as this 
under consideration are not normally limited by any 
one factor, but by the interaction of several, and when 
feasible all these should be analyzed and recorded.... 
If, however, on account of urgent haste, I should be 
foreed to make use of a single criterion to divide the 
communities of the Woods Hole littoral, I should de- 
pend more on observation of the character of the sea 
bottom than on any other one factor” (Allee 1923b). 
Among British ecologists, Kitching has paid par- 
ticular attention to marine faunas. From a careful 
study of a submarine gully in Wembury Bay, South 
Devon, Kitching, Maecan, & Gilson (1934) coneluded 
that “the differences between the various associations 
and subassociations are so sharply marked, and show 
such close correlation with the differences in the ex- 
ternal conditions of the habitat, as to suggest that the 
nature of the associations is rigorously controlled by 
environmental factors.” Kitching (1937) also studied 
the process of recolonization of denuded rocks at the 
upper margin of the sublittoral region. The chief fac- 
tors which influenced the sequence of appearance of 
mature organisms upon such rocks appeared to be (a) 
time of arrival of spores or larvae and (b) relative 
growth rates of different species. “Those sessile or- 
ganisms which finally become established eliminate 
their predecessors by smothering them or by oceupy- 
ing all the space available for anchorage. The earlier 
arrivals do not appear to facilitate in any way the 


























745) 


July, 1943 


establishment of later ones, except in so far as they 
form a substratum for them. The slower growing but 
persistently spreading perennials eventually _ tri- 
umph.” The perennials referred to were principally 
algae, and the conclusions arrived at would probably 
not be applicable to localities, such as Beaufort, North 
Carolina, where algae are relatively scarce. Colman 
(1933) inquired into the nature and causes of zona- 
tion of plants and animals in the intertidal region of 
Wembury Bay. He concluded that the pelagic young 
of sessile organisms settle more or less at random, 
and that zonation is brought about subsequently by 
environmental action. “If a spore or larva settles 
within the environment which will suit it as an adult, 
it may survive. If it settles outside this range, it will 
sooner or later die without maturing.” The zonation 
of motile species, on the other hand, he attributes to 
the operation of certain tropisms; “an adult gastro- 
pod, though able to move, is nevertheless forced by 
tropisms to remain within its normal range.” 

This brief summary of the literature should not be 
concluded without mention of the important papers 
by H. B. Moore on the biology of Balanus balanoides. 
These and other papers will be referred to in the 
pages that follow. References to them may be found 
in the bibliography at the end of this work. 


APPARATUS AND METHODS 


Collecting Surfaces Employed. The essential tech- 
nique employed during the writer’s investigations was 
to submerge collecting surfaces in the waters of Beau- 
fort Channel, to remove them at regular intervals and 
transfer them to the laboratory, and there to record 
the species and number of organisms that had settled 
upon them. The surfaces employed had to be large 
enough to collect a fair sample of organisms, but 
small enough to be handled easily and examined under 
a binocular microscope. It was desirable also that 
they should be dark in color, since Visscher (1928) 
had shown that dark-colored surfaces are the most 
rapidly fouled by sessile marine organisms. Unglazed 
hearth tiles were obtained from the Borden Brick and 
Tile Company of Durham, N. C. which fulfilled these 
requirements. Each tile was six inches long by three 
inches wide by three fourths of an inch thick and 
offered a slightly granulated surface of a reddish- 
brown hue. The back was provided with two longi- 
tudinal grooves, each half an inch wide. A distin- 
guishing number was painted on the edge of each tile 
in white enamel. 

For some purposes wooden blocks were used. These 
were cut from heart cypress to the same dimensions 
as the tiles. Some difficulty was at first experienced 
in numbering the wooden blocks, but the problem was 
solved by nailing to each a metal tag, cut from a 
cheap aluminum pan. Each tag was stamped with a 
die, a series of which was constructed from the hard 
metal tabs commonly used for numbering window 
screens. 

Glass collecting plates were also used. These were 
six by eight inch panes of thick window glass which 
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had been roughened on one side by exposure to a sand 
blast. They were numbered by filing notches in one 
edge and also by writing on the smooth surface with 
a black wax pencil. 

Experimental Piles. Several series of tiles and 
wood blocks were submerged by attaching them to 
two by four inch timbers of untreated pine, hence- 
forth designated “piles” or “experimental piles.” 
These piles were long enough to be thrust into the 
mud at the bottom of Beaufort Channel and were 
bolted at their upper ends to the edge of the Duke 
University pier. Each was identified by an aluminum 
house number nailed to its upper extremity. Tiles 
and blocks were attached to those surfaces of the ex- 
perimental piles that faced westward and were con- 
tinuously shaded by the pier. Attachment was effected 
by means of right-angled cup hooks of a bright metal 
that rusted only slowly in sea water. 

Pile No. 5 was used to determine the species and 
relative numbers of organisms that settled at each 
season of the year. Eighteen tiles were attached to its 
west face from just above high water mark to the bot- 
tom, a distance of twelve feet. Each tile was separated 
from its neighbors by an interval of two inches. The 
tiles were removed and examined, then cleaned, dried, 
and resubmerged at intervals of about two weeks be- 
tween February and June, 1941, and between Sep- 
tember 1941 and February 1942. In the intervening 
period they were examined at intervals of seven days. 

Pile No. 2 was equipped with twenty-one tiles sep- 
arated by one-inch gaps. These were examined at 
two-week intervals throughout the period of investi- 
gation, but instead of being cleaned after each exam- 
ination they were returned to their places with the 
organisms upon them still in a healthy condition. 
Other similar piles were employed from time to time 
to supplement the information obtained from those 
numbered 2 and 5. 

Examination of Collecting Surfaces. The procedure 
adopted for examining tiles was as follows: A pile 
was first detached and drawn up onto the pier. The 
tiles upon it were then detached one at a time and 
immediately placed in buckets of fresh sea water, care 
being taken not to serape any organisms from them 
or allow them to dry. Buckets and tiles were then 
carried to the laboratory and placed under a tap of 
running sea water. The tiles were then transferred, 
one at a time, to a glass dish that contained just 
enough sea water to cover the surface of the tile and 
was examined under a binocular microscope. The lat- 
ter was provided with a jointed arm extension which 
facilitated examination of the whole tile surface. 
Numbers and species of organisms were then observed 
and recorded in a note book. A separate note book 
was kept for each pile or other piece of apparatus. 
In some cases, where numbers were very large, only 
one half or one quarter of the tile was counted and 
the population on the whole tile was caleulated from 
the figure thus obtained. In the ease of barnacles, 
populations were often too dense to be counted by this 
method and an estimate of the total number present 
was obtained by counting the number within the out- 
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line of a coverslip of known area that was dropped 
upon the tile at random twice or four times. Most of 
the setting curves which will be found on subsequent 
pages of this report are constructed in terms of the 
number of organisms which settled per tile per week. 
Where a set of tiles had been submerged for more 
than seven days the number of organisms that settled 
per week was obtained by dividing the number ob- 
served by the number of days of submergence and 
multiplying by seven. An estimate thus arrived at 
probably provides too low a figure, for some of the 
organisms that settled early in the period of sub- 
mergence are likely to have died and disappeared be- 
fore its end. Each point on a given curve is placed at 
the date when tiles were examined, but settlement of* 
the organisms then counted occurred during the pre- 
ceding week or fortnight, so that each curve should 
be shifted somewhat to the left. In fact, the eurves 
should be regarded as only rough indications of the 
aetual course of events. 

Wooden blocks proved difficult to handle because 
of their tendency to float. It was difficult to keep 
them in proper order and to prevent them from rub- 
bing together and injuring or removing attached or- 
ganisms. For these reasons they were not extensively 
employed. Glass plates were examined in a shallow 
dish, the bottom of which was painted white and 
cross-hatched with black lines to facilitate counting. 

A large number of measurements were made of or- 
ganisms growing upon experimental surfaces. A 
micrometer eyepiece was available for this purpose, 
but a flexible millimeter scale proved to be more 
convenient and sufficiently accurate for most pur- 
poses. 

The Floating Pile. The floating pile was con- 
structed of two two by four inch timbers five feet 
long and fastened edge to edge. Four rings encircling 
two fixed galvanized pipes, together with suitable 
counterweights, kept the device floating in a vertical 
position with the upper end at the surface of the 
water. Parallel series of wood blocks and tiles were 
attached to the shaded face of the Floating Pile. They 
were examined at regular intervals between February 
and July, 1941. 

The Floating Plank. This was a ten-foot plank of 
heart cypress that floated horizontally, edge up, un- 
derneath the pier, with the upper edge just under 
water. Each end was equipped with two rings that 
rode up and down on a vertical fixed pipe. A clean 
wood block and a clean tile were attached to the plank 
on February 23 and examined at two-week intervals 
throughout the year. After each examination a fresh 
pair of surfaces was added to the series so that some 
forty-eight blocks and tiles had been added by the 
end of the investigation. 

Pile Scrapings. Additional information was ob- 
tained by repeated examination of the piles that sup- 
port the Duke University pier and by numerous col- 
lecting trips to the piers and piles of nearby bridges 
(see page 330). Such visits were always made at 
periods of low water and the lower levels were ex- 


KENNETH DovuGaL McDouGALL 


Ecological Monographs 

Vol. 13, No. 3 
plored by means of a long-handled net specially de- 
signed for seraping piles. 

The Gravity Box. Three boxes were constructed to 
obtain information on the effects of gravity, current, 
and light on the settlement and growth of sessile or- 
ganisms. All were painted with a ship’s bottom paint 
that contained copper to prevent their destruction by 
boring organisms. The Gravity Box is illustrated in 
Figure 1. It was four feet long, nine by nine inches 
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Fig. 1. Gravity Box. 
in section, and open at both ends. It floated with the 
upper surface just under water and was attached by 
wires at one end to a metal ring which encireled a 
pipe driven vertically into the mud. The box swung 
downstream from the pipe so that water flowed 
through it in the same direction (left to right in Fig. 
1) at all phases of the tide. A metal shade projected 
from the upper edge at each end so that light could 
reach the center of the box only by entering horizon- 
tally through the open ends. The roof of the box was 
provided with a lid at the center which gave easy 
aecess to the interior. Inside, at the center, five six 
by eight inch glass plates were arranged at various 
angles. One was attached to the under surface of the 
lid (0° plate). Two were held in a metal frame at an 
angle of 45° with the vertical, one facing obliquely 
down (45° plate), the other obliquely up (135° plate). 
A fourth (90° plate) was attached to one of the 
vertical walls and a fifth (180° plate) to the floor of 
the box. These plates were removed, examined, 
cleaned, and replaced at an average interval of thir- 
teen days in June, July, and August, 1941. 

The Current Box. The Current Box (Fig. 2) was 
situated beneath Duke University pier. It also floated 
near the surface and was anchored to a ring that en- 
cireled a vertical fixed pipe. It was thirteen inches 
long, sixteen inches wide, and seven inches deep. 
Metal septa divided the interior into five longitudinal 
compartments or chambers, each of which measured 
thirteen inches in length, three inches in width, and 
six inches in depth. A removable six by eight inch 
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HORIZONTAL SECTION 

Fig. 2. Current Box. 
glass collecting plate covered part of each vertical 
wall of each chamber. Both ends of the box were open 
so that water was flowing through it constantly, and 
always in the same direction, but the rate of flow was 
different in different chambers because their upstream 
ends were occluded in various degrees by narrow 
strips of glass. The opening for entrance of water 
measured six by three inches in the first chamber, six 
by 2.25 in the second, six by 1.5 in the third, six by 
one in the fourth, and the fifth chamber was open at 
the downstream end only. In order to obtain some 
indication of the relative rates of flow in different 
chambers, the time required for a cork to drift 
through each at a certain stage of the tide was meas- 
ured, with the following results: No. 1, 5.3 seeonds; 
No. 2, 6.6 seconds; No. 3, 13.3 seconds; No. 4, 19.7 
seconds; some circulation was maintained in the fifth 
chamber. by eddy currents entering the downstream 
end. The plates in this box were examined, cleaned, 
and replaced at intervals between April and August, 
1941, 
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The Light Box. The Light Box (Fig. 3) was fixed 
in a horizontal position with its upper edge about six 
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Fie. 3. Light Box. 


inches below low water mark and its long axis east 
and west, that is, across the prevailing tidal current. 
The box was three feet, six inches long, eight inches 
wide, and ten inches deep. Internally, five vertical 
metal septa divided it into six chambers, each of 
which was six by six inches in horizontal section and 
ten inches deep. All the chambers were open below. 
All were closed above by thick window glass. Over 
the glass cover of the box was laid a metal steneil 
which controlled the amount of light that entered the 
various chambers. The aperture through which light 
could enter the first chamber measured six by six 
inches, the second, six by 4.5 inches, the third, six by 
3.5 inches, the fourth, six by 2.25 inches, the fifth, six 
by one inches, and the sixth chamber was completely 
darkened from above. Diffused light and eddy eur- 
rents entered through the open bottom of every cham- 
ber. A six by eight inch glass plate was attached to 
the north and south wall, inside each chamber. These 
plates were examined, cleaned, and replaced at an 
average interval of twenty-six days from May to July, 
1941. 

Results with the Light Box were not satisfactory 
because the glass cover soon became fouled with silt 
and attached organisms so that the difference in 
amount of light that entered the various chambers was 
seriously reduced. It is possible also that the glass 
cover cut off some component of the sunlight which 
was significant for the attachment and growth of or- 
ganisms. The writer believes that if these two diffieul- 
ties could be overcome a device of this sort might yield 
valuable information. 

Measurement of Tide Levels. Since vertical distri- 
bution of organisms on the piles was one of the 
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objects of this investigation, it was desirable to obtain 
a low water datum for Beaufort. For this purpose a 
tide staff was attached to one of the piles of Duke 
University pier with its zero point approximately at 
low water mark. Low water level on this staff was 
read off each day between June 4 and August 27, 
1941. At the end of this period the average of these 
readings was calculated and adjusted in accordance 
with the average for the same period as found in 
official tide tables. The zero point of the tide staff was 
then moved to the new position thus determined. 

Tide levels of Beaufort vary greatly according to 
foree and direction of the wind and seldom accord 
exactly with official predictions. A crude tide gage 
was therefore constructed and set up on the Duke 
University pier. In this device vertical movements of 
a float were reduced through the mechanism of a 
cheap alarm clock and recorded in ink on a revolving 
kymograph drum by a suitable lever. This “home- 
made” instrument was not entirely satisfactory but 
gave a general idea of tidal changes. 

Measurement of Temperature. Continuous records 
of air and water temperatures were obtained by the 
use of a thermograph. This instrument was provided 
with three nine-foot leads, only two of which were 
used. One was used to record air temperatures be- 
neath the pier, the other to record water temperatures 
at a level about three feet below mean low water. 


PHYSICAL CHARACTERISTICS OF THE 
BEAUFORT REGION 


Piver’s Island, upon which the Duke Marine Sta- 
tion is situated, lies close to the town of Beaufort, 
North Carolina, from which it is separated by the 
narrow waters of Beaufort Channel. Most of the 
observations recorded in this report were made at or 
close to the Duke University pier, which projects into 
the channel from the east shore of Piver’s Island. 
Tidal currents bring in sea water from Beaufort Inlet, 
about two miles to the south. After passing through 
the channel this water spreads out over extensive flats, 
where it is warmed by the sun and also somewhat 
diluted by fresh water that enters from the Newport 
River and a few smaller streams. About five hundred 
yards north of the laboratory the channel is crossed 
by two bridges, the Route 70 highway bridge, sup- 
ported by conerete piles and piers, and the Norfolk 
and Southern Railroad bridge, the wooden piles of 
which afford a particularly rich collecting ground. 

During the summer of 1941, rainfall at Beaufort 
was slight and day-long sunshine was the rule. It was 
not surprising to find that this intense and constant 
sunlight affected the growth and distribution of some 
pile-dwelling organisms. 

Regular salinity determinations were not made at 
Beaufort in 1941. Other investigators (e.g. Gutsell 
1930) have found that salinity at Piver’s Island nor- 
mally approximates to thirty parts per mille, but may 
oceasionally run as high as thirty-eight or as low as 
six parts per mille. A few determinations carried 
out by the writer indicated little difference in salinity 
of surface and bottom waters in Beaufort Channel, 


Ecological Monographs 

Vol. 13, No, 3 
but such differences may be expected to occur at the 
time of freshets. Ordinarily the channel water is 
probably prevented from stratifying by the action of 
tidal currents and of ships passing in and out of 
Beaufort Harbor. These same two factors, ships and 
currents, are partly responsible also for the large 
amount of sediment always to be found in Beaufort 
waters. Much of the sediment is composed of micro- 
scopic plants and vegetable debris, but a considerable 
fraction of it is inorganic matter that has been stirred 
from the bottom and has not settled out. No doubt 
many of the pile-dwelling organisms find their prin- 
cipal souree of food in the organic fraction, but many 
of them are affected also by the heavy accumulations 
of sediment that oceur upon horizontally disposed 
surfaces and in the tangled growths of such organisms 
as hydroids. 

At Beaufort there are two periods of low water 
each day, the mean range of tides is 2.5 feet, and of 
spring tides three feet. However, levels of high and 
low water are much affected by force and direction of 
the wind and seldom correspond exactly with official 
predictions. Storm tides of five or six feet have been 
recorded. During ebb tides the water flows south- 
ward past Duke University pier. During flood tides 
an eddy current is set up in the channel as a result 
of which the flow continues in a southward direction 
during the first part of the flood, then stops and flows 
northward for about 2.5 hours, then once more flows 
southward. There are two very brief periods of slack 
water while the direction of flow is changing. A graph 
illustrating the course of events on August 6, 1941, is 
shown in Figure 4. Probably tidal currents at this 
point seldom exceed a rate of 1.5 feet per second. 











Lo 
—3FT. 
Yc 
08 , 
4 
/ 
‘ 
06 1 —2FT. 
/ 
/ 
/ 
/ 
0.4 ! 
/ 
/ — IFT. 
/ 
02 ' 
i 
FT. PER SEC. ' 
SOUTH ! MLW 
\ 
FrPER sec, |HOURS 2 4 n 6 eg 10 12 
NORTH ‘ 
‘ / 
a ‘ / 
02 Mey 
—IFT 
0.44 
0.6 + —2rT. 
TIDES 


Fie. 4. Rate and direction of flow of tide water past 
Duke University Pier during one tidal cycle. August 6, 
1941. A continuous line indicates the direction of flow, 
north or south, and the rate in feet per second. A broken 
line indicates the position of the water surface in rela- 
tion to mean low water level. 
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During the period of this investigation (February, 
1941 to February, 1942) continuous records of air and 
water temperature at the Duke University pier were 
obtained with the thermograph previously mentioned. 
Some of the data are presented in Table 1, together 
with a list of mean monthly water temperatures at 
Woods Hole, Massachusetts, during the years 1902 to 


TABLE 1. Temperatures to the nearest centigrade de- 
gree at Duke University pier, Beaufort, N. C., 1941-1942, 
and at Woods Hole, Mass., 1902-1906. 
































| MOonrTHLy 
BEAUFORT Means 
| WaTER 
Date | A WwW | 
| = - — | Woods| Beau- 
|Max.| Min. |Mean|Max.| Min, |Mean| Hole | fort 
Mar. 10-15... 14 | 2 | 8 | 10 | 6 | 8 | 
steed Beas oy Aime Ps Coon ie ae es «Sa 2 8 
Beet... 160-1 2. Or A 8 ee 
| | | 
Aial 7 ATS |B | 9) es ete | 
8-14 19 | 9 | 14 | 18 | 12 | 14 | 7 | 15 
15-22...) 22 | 12 | 18 | 20 | 15 | 18 | 
23-30....,22 | 9 {15 | 20 | 14 | 17 |, | 
May 1-7....{22 | 8 |16 | 20 | 14 | 17 | | 
8-15....] 26 | 12 | 17 | 21 | 17 | 18 | 13 | 19.5 
16-23....| 26 | 15 | 21 | 23 | 18 | 21 
24-31....] 26 | 16 | 21 | 24 | 20 | 22 | 
June 1-7....| 26 | 21 | 23 | 25 | 22 | 23 | 17 | 25 
23-80....| 29 | 22 | 26 | 29 | 26 | 28 | 
| 
July 8-15..../ 28 | 23 | 26 | 30 | 26 | 28 | 
16-23 | 28 | 23 | 26 | 28 | 26 | 27 | 21 28 
24-31 oa fae | at | so | a6 128 | 
| | | 
Aug. 1-7..../ 31 | 23 | 27 | 30 | 27 | 28 | 
S15....] 31 |38 |} 26 | 90 | 35 {27 | S81 27 
16-23....| 28 | 20 | 24 | 28 | 25 | 27 | 
24-31.... 30 | 19 | 26 | 30 | 24 | 27 | 
Sept. 1-7..../ 30 | 24 | 27 | 29 | 26 | 28 | 
8-14....| 32 | 18 | 24 | 31 | 22 | 27 | 19 | 26 
15-22....| 28 | 18 | 23 | 26 | 21 | 24 | 
23-30....| 27 | 19 | 23 | 26 | 22 | 24 
| | | 
Oct. 1-7....| 28 | 24 | 26 | 27 | 24 | 26 
813....] 28 | 14 | 22 | 27 | 19 | 23 | is | 22 
21 26 | 18 | 22 | 22 | 21 | 22 | 
30-31 5 | 17 | 21 | 19 | 16 | 18 | 
| | | | 
Nov. 1-5..../ 24 | 13 | 19 | 21 | 18 | 19 | 
O14....)18 | 3 | 9 15 | 9 | 12 | 9 | 15 
15-22..../ 21 | 9 5 | 18 | 13 | 14 
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cee 2 8 eee Tet 7 
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Cole (1911). Gutsell (1930) published a list of 
monthly maximum and minimum water temperatures 
at Piver’s Island for the years 1914 to 1928 inclusive. 
Compared with this as a standard, temperatures were 
about 2.5°C. below normal in March, April, and May, 
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1906 inelusive, as published by Sumner, Osburn, & 
1941 and about 5°C. below normal in January and 
February, 1942. It will be observed that at Beaufort 
air temperature (shade) varied from —0.7°C. to 
32°C., water temperature from 2°C. to 31°C. During 
summer months the water was comhmonly one or two 
degrees warmer than the air, because it had become 
heated while spread over the extensive banks of New- 
port River estuary. For the same reason, water at the 
Duke University pier was commonly about 1°C. 
warmer during low than during high tide. 


RESULTS 


PORIFERA 

Although at least six different species of sponges 
have been taken from piles at Beaufort, the larvae of 
only two, Reniera tubifera Wilson and Microciona 
prolifera Verrill, were recognized upon experimental 
tiles in 1941. The boring sponge, Cliona cellata Grant 
is very abundant upon piles of the road and railroad 
bridges, where it causes much damage to oysters, but 
at the Duke University pier this species has not been 
positively identified by the writer. Similarly, Sty- 
lotella heliophila Wilson is abundant and widespread 
in the Beaufort region, but is, for some unknown 
reason, absent from piles of the Duke University pier. 
Lissodendoryx carolinensis Wilson is abundant also, 
but none developed upon experimental tiles. 


Reniera tubifera Wilson 

Young individuals of this sponge first appeared 
upon the tiles in June, in the form of minute, green- 
ish-yellow, translucent patches of tissue closely ap- 
plied to the substrate. At first these were mistaken 
for young specimens of the ascidian Phallusia hygo- 
miana, but on careful examination the porous nature 
of young sponges could be made out. The setting 
period of Reniera larvae (Fig. 5) lasted for only 
about thirty days in June and July, but during this 
time individuals were established which later en- 
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Fig. 5. Number of Reniera tubifera larvae that settled 
per tile (3 by 6 inches) per week on Pile No. 5. June and 
July, 1941. 
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veloped a great part of the surface of many tiles. 
Old specimens of Reniera are usually pale purple in 
color and assume the form of erect, branching, thin- 
walled tubes with oseulae at their tips. On exper- 
imental tiles, however, these characteristics did not 
appear until late in the summer and identification of 
the material depended upon the appearance of 
spicules and microscopic structure. Young sponges 
were dirty yellowish-white and without definite form; 
their tissues spread out over the tiles, helping to 
smother low-growing forms such as barnacles and 
tubiculous annelids, and inerusting the stems of 
hydroids. 
Microciona prolifera Verrill 


Bright red patches of the incrusting form of Micro- 
ciona are abundant upon piles at Beaufort, yet rel- 
atively few larvae developed upon experimental tiles. 
Setting first occurred on August 12 and probably 
continued through September, but in numbers too 
small for the construction of a setting curve. Growth 
was most rapid and extensive on tiles situated just 
above the mud line, but even there the upright, finger- 
like processes characteristic of the species were not 
developed until mid-December. Most species of 
sponges at Beaufort appear to grow most vigorously 
during spring months, but apparently Reniera grows 
best in summer, Microciona in winter. 


HypDr0z0A 


During two weeks, from August 31 to September 
12, 1911, Fraser (1910) collected no less than fifty- 
one species of hydroids in the Beaufort region. 

During the period covered by the present report 
(February, 1941 to February, 1942) only five species 
were found in such abundance as to form a con- 
spicuous element of the pile fauna. These were: 
Tubularia crocea Agassiz, Eudendrium carneum 
Clarke, Pennaria tiarella (Ayres), Obelia sp., and 
Hydractinia echinata Fleming. Larvae of the first 
three of these settled upon the experimental tiles in 
large numbers and a separate section will be devoted 
to each. For Obelia and Hydractinia, however, no 
adequate records were obtained. 

Hydractinia echinata has been recorded from Green- 
land to Charleston, South Carolina. Fraser reported 
its occurrence upon shells on the bottom of Bogue 
Sound near Beaufort at a depth of ten to twelve feet. 
It has frequently been found by the writer in similar 
situations, but large colonies, sometimes covering an 
area of several square feet, are also to be found upon 
piles, particularly those of the railroad bridge. 
Fraser described this type of colony from Vineyard 
Haven only, where “the colonies form encrusting 
masses completely covering the piles from low-water 
to a depth of several feet.” Only one such large 
colony was found on the piles of the Duke University 
pier, and, since no larvae were observed upon exper- 
imental tiles, no clear reeord of seasonal fluctuations 
was obtained for this species. Specimens with ap- 
parently ripe gonosomes were taken as early as April 
27 and as late as November 21. 
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Fraser collected four species of Obelia at Beaufort 
in September, 1911, but apparently failed to observe 
Obelia commissuralis. Large (15 ems.) colonies of 
this beautiful hydroid were common on the piles of 
various piers and bridges in early April, 1941. On 
April 27 shedding of medusae was observed and from 
these definite identification of the material was pos- 
sible. By June 4 the gonosomes of most colonies were 
spent and by the middle of that month the colonies 
themselves had disappeared. Young colonies de- 
veloped on many experimental tiles during the latter 
part of April, but none apparently reached sexual 
maturity before the general decline of the species in 
June. 

This eyele corresponds rather closely with that of 
the same species at Woods Hole as recorded by Grave 
(1933). There the colonies “all reproduce most 
abundantly in April and May and continue with little 
check until the middle or end of June, when they seem 
to disintegrate and although some new colonies are 
initiated throughout the summer, they are all in poor 
physiological condition. Late September and Octo- 
ber are also periods of rapid growth.” At Beaufort 
no identifiable colonies of this species were observed 
after mid-June and if renewed growth occurred in the 
fall it eseaped my notice. 

During August and September, and to a less extent 
during July and October, there was an abundant set- 
tlement and growth of delicate hydroids upon the tiles. 
These seldom attained a height of more than fifteen 
millimeters and were not observed to develop gono- 
somes. Accordingly, identification was difficult, and 
since several different species, or even genera, were 
probably involved the setting records are not here 
presented. 


Tubularia crocea Agassiz 


Sumner, Osburn, & Cole (1911) record the range 
of this species as from Casco Bay, Maine to Brooklyn, 
New York “and perhaps to Charleston, South Caro- 
lina.” Exeept during the late summer months it is 
one of the most conspicuous and abundant of the 
Beaufort hydroids. The fact that Fraser did not col- 
lect it in September, 1911, may indicate a great in- 
crease of this species in the Beaufort region since that 
time. On the other hand, all the colonies of this 
species died down in the summer of 1941 till only the 
stolons remained and renewed growth was only begin- 
ning in late September. The few and small hydranths 
regenerated at this time might have escaped the notice 
of even an expert observer. Perhaps both factors con- 
tributed to this rather striking omission from Dr. 
Fraser’s monograph. 

Cycle of Growth. The size and abundance of Tubu- 
laria colonies fluctuated markedly during the period 
of dbservation. 

March—In early March, when this survey began, 
almost every pile of bridge or pier supported numer- 
ous large colonies up to fifteen centimeters in height, 
and each bore several hundred hydranths. Frequently, 
neighboring colonies were so merged that no bounda- 
ries between them could be distinguished and a con- 
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tinuous mass covered the pile from a few inches above 
low water to several feet below that point. All large 
hydranths carried minute, unripe gonosomes. Colonies 
were decidedly larger and more numerous upon 
shaded surfaces of piles. 

March 25—At this time all colonies above low water 
mark appeared to be dead and most of those situated 
four feet or less below this point were largely devoid 
of hydranths. From greater depths, however, healthy 
colonies with abundant hydranths were colleeted, most 
of them bearing numerous large gonosomes. 

April 13—Observations of undisturbed piles at this 
time showed little change since March 25 except that 
many gonosomes were now mature and _ liberated 
actinula larvae when placed in glass bowls in the 
laboratory. Setting of larvae upon experimental tiles 
first oceurred about April 1 (Fig. 6). 
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Fig. 6. Number of Tubularia crocea larvae that settled 
per week on 16 tiles (each 3 by 6 inches). March, 1941 
to February, 1942. 


April 27—Hydranths had been lost from old col- 
onies, even those from lower regions of the piles. 
Those that remained had shed most of their gono- 
somes. Many larvae had settled upon old hydrocauli 
and were there developing to form a dense tangle of 
new growth, the Fi generation. 

From this point the account is best continued from 
the observed growth of Tubularia upon the tiles of 
Pile No. 2, which was removed only for examination 
once every two weeks. Larvae first began to settle on 
these tiles about April 1. By April 12 there was an 
average of 4.4 per tile (below low water) with a 
maximum height of ten millimeters. By April 26 
many colonies of this F1 generation had attained a 
length of sixty millimeters and were already shedding 
F2 larvae from their ripened gonosomes. 

May 11—By this date most of the gonosomes of the 
Fi were spent. Young individuals of the F2 genera- 
tion had settled upon the parental hydrocauli in great 
numbers. 
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May 25—Densely matted tangles of old and young 
stems up to a hundred and fifty millimeters in length 
were present. Old (F1) colonies had lost most of 
their hydranths, while the young colonies growing 
upon them appeared in good condition with small, 
unripe gonosomes. 

June 10—A dense mat of old and young colonies 
was found, only the latter with hydranths. Large 
masses of tangled stems were beginning to slough 
away from the tiles. 

June 30—Sloughing had continued, leaving many 
denuded areas. Most of the F2 gonosomes were spent. 

July 10—Only shreds and tatters of old Tubularia 
stems remained. Few hydranths were to be found. 

July-September—For the next three months, until 
the end o¥ September, Tubularia remained a very in- 
conspicuous component of the pile fauna. Although 
the tangled masses of early summer growth had ap- 
peared to slough away entirely, some remnants of the 
creeping stolons had remained upon almost every tile, 
and from these new hydranths grew up here and there 
in this period. The new growth seldom attained a 
height of more than fifteen millimeters and the hy- 
dranths remained very small and devoid of gonosomes. 

September-October—Tubularia reached its lowest 
ebb in the first weeks of September, when small col- 
onies were observed on only three of the fifteen sub- 
merged tiles of Pile No. 2. Later in this month, how- 
ever, more vigorous growth was resumed; the stolons 
spread out in all directions over the tiles. 

November-December—By the end of November 
massive colonies eighty to one hundred millimeters in 
height almost covered every tile and were shedding 
larvae from mature gonosomes. 

January—This winter period of active growth and 
reproduction continued through December, but early 
in January conditions apparently became adverse once 
more. The heavy depredations of nudibranch mol- 
luses at this time were not made good by regeneration 
and by January 18 the colonies were largely devoid 
of hydranths. Gonosomes were abundant on most of 
the hydranths that remained, but they were small and 
could not be induced to liberate actinulae even when 
placed in warm water in the laboratory. Unlike the 
decline in June, the decline in January was not ae- 
companied by sloughing. In spite of the loss of 
hydranths, the coenosare did not retreat from the 
hydroecauli in most cases; the latter merely remained 
in a more or less dormant condition until the follow- 
ing spring, when growth was resumed. 

Apparently a eyele similar to that just deseribed 
oeeurred at Woods Hole where, as Hyman (1920) re- 
ports: “Tubularia is most abundant and in exeellent 
condition in the early summer, reaching a climax in 
June. After that, as the water becomes warmer, the 
colonies die away, the protoplasm withdrawing into 
the perisare and apparently passing into a dormant 
state. In the fall, as the water becomes colder, the 
colonies begin to grow again, reaching their height in 
November and December and then with still colder 
weather, once more passing into the quiescent state, 
emerging in the spring.” 
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Relation of Growth Cycle to Temperature. Sea- 
sonal fluctuations in the growth and abundance of 
Tubularia described in the previous section suggest a 
correlation with seasonal fluctuations of water tem- 
perature at Beaufort (Table 1). Growth was rapid 
in the spring months when the water was cool. In 
the latter part of May, when water temperature 
reached 21°C., growth almost ceased, established col- 
onies lost their hydranths and were sloughed from 
the piles. From June to September water temperature 
averaged about 27°C., growth was at a minimum, and 
was only resumed in October when the temperature 
started to fall once more. 

The reactions of Tubularia to varied temperatures 
have been investigated by several workers. Morse 
(1909), investigating the cause of autotomy of hy- 
dranths in Tubularia, concluded that “temperature 
seems to be the only consistent factor involved in the 
decapitation.” At Woods Hole he found that Tubu- 
laria disappeared when the temperature of ocean 
water rose to 20°C. (in the third week of July). 
North of Cape Cod, where the water does not rise 
above this critical temperature, colonies flourish 
throughout the summer months “while in lower lati- 
tudes the occurrence of this species on the piles and 
rocks is correlated with the times of the year, spring 
and fall, when the water is cooler.” 

Pearse (1906), investigating the effects of thermal 
stimulation upon colonies of Tubularia, found that 
“when the temperature of the water was raised above 
25°C. most of the animals were inactive. . . . No ani- 
mal, after having been heated to 26°C. and then 
cooled again to normal temperature (19.8°C.) sur- 
vived and reacted normally.” 

Sumner, Osburn, & Cole (1911) reported that in 
certain cooler parts of the Woods Hole waters “Tubu- 
laria crocea may remain in an active condition 
throughout the entire summer, such specimens having 
been not infrequently recorded during the survey 
dredgings in Vineyard Sound between July 6 and 
August 21.” 

Elmhirst (1922) coneluded that the dying off of 
hydroids in the Clyde Sea area in June and July was 
due less to the higher temperature of the water in 
these months than to its low oxygen content. Mayer 
(1914) likewise suggests that the death of “tropical 
marine animals” following a small rise of temperature 
above the usual range may be due to asphyxiation, 
“the oxygen content of the water being insufficient to 
sustain the increased metabolic activity of the ani- 
mal.” Moore (1939) however, working with Tubularia 
crocea at Woods Hole, demonstrated that autotomy in 
this species occurs when the water temperature ex- 
ceeds 20°-21°C. even when the water is experimentally 
saturated with oxygen. 

It seems likely, therefore, that the marked decline 
of Tubularia at Beaufort in the month of June was 
due to rising temperature of the water which had 
already attained a mean of 23°C. in the first week of 
that month. Yet healthy though small hydranths were 
found in considerable numbers throughout the months 
of July and August when the mean water temperature 
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was 27° to 28°C. It is clear that 20°C. was not the 
critical temperature for autotomy in these individuals. 
Vernon (1899) found that at Naples the mean death 
temperature of various marine invertebrates was 0.6° 
to 1.3°C. higher in July and August than in March 
and April, this change being associated with a rise of 
about 10°C. in the surface temperature of the Medi- 
terranean. It appears that summer generations of 
Tubularia at Beaufort show a similar (though 
greater) increase of tolerance for high temperatures 
as compared with winter and spring generations of 
this species: It seems, moreover, that the successive 
spring generations are tolerant of higher and higher 
temperatures with the steadily rising temperature of 
the ocean water. By reference to the account of the 
growth cycle on page 46 it will be seen that members 
of the early spring generation that flourished in 
Mareh and April had lost nearly all their hydranths 
by the end of April (Temperature 17°C.). The next 
(Fi) generation grew, reproduced sexually, and died 
off at the end of May (Temperature 22°C.). The 
third (F2) generation survived until the first part of 
July (Temperature 28°C.) when it also declined. The 
following generation, which sprang from the stolons 
of its predecessors, was able to survive maximum tem- 
peratures of 30°C. in July'and August. 

It might be supposed that the decline of each gen- 
eration in its turn resulted from senility, or the at- 
tacks of predators, rather than from an inability to 
tolerate higher temperatures. That senility was not 
the cause of the decline is suggested by the fact that 
“Elmhirst kept colonies of Tubularia in his aquarium 
for three years and noticed that hydranths appeared 
in mid-winter and were lost in mid-summer” (Moore 
1939). The members of earlier generations were 
preyed upon by such organisms as nudibranchs and 
pyenogonids, and many colonies lost most of their 
hydranths in this way, but colonies of the generations 
which replaced them on the piles, though equally ex- 
posed to such attacks, were able to survive and grow 
well until the temperature became too high for them 
also. It is suggested, therefore, that successive spring 
and summer generations of Tubularia crocea at Beau- 
fort acclimate themselves to higher and higher tem- 
peratures as the seasons advance, and that the upper 
limit of tolerance for this species is not 20°C., as here- 
tofore believed, but a point in the neighborhood of 
30°C. Experimental determinations of critical tem- 
peratures for samples of Tubularia taken at different 
times of year are much to be desired. 

The decline of Tubularia in January, 1942, when 
water temperature was falling, requires a different 
explanation. Mean water temperature during the first 
week of January was 9°C. and fell to 5°C. during the 
second week of February. Pearse (1906) showed that 
Tubularia colonies at Woods Hole ean survive lower 
temperatures than this: “When the water was cooled 
to about 10°C. most individuals became inactive to 
meat though a few reacted to this form of stimulation 
even at 0°C. Probably the colonies survive any tem- 
perature down to near freezing, as individuals which 
had been for half an hour in water which was frozen 
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(—2.2°C.) at the bottom of the dish and had a tem- 
perature of 1.5°C. at the top, gave the usual reactions 
thirteen hours later at a normal temperature.” As 
already mentioned, the decline of Tubularia in Jan- 
uary consisted principally in a loss of hydranths un- 
accompanied by retreat of coenosare from the hydro- 
eauli or sloughing of colonies from the piles. If, as 
shown by Pearse, low temperature is not a cause of 
autotomy in Tubularia, this loss of hydranths prob- 
ably resulted from the activities of nudibranchs and 
other predators. It is suggested that the effect of low 
water temperatures is to lower the metabolic rate of 
the organisms so that lost hydranths are not rapidly 
replaced by regeneration. Moore (1910) showed that 
regeneration of Tubularia hydranths occurs within 
twenty-four hours at 23°C., but is progressively 
slower at lower temperatures, requiring an average of 
151 hours at 8°C. 

Some experiments by Hyman (1920) suggest that 
Tubularia is able to acclimate itself to low as well as 
to high temperatures, for she found that “summer 
material regenerates more slowly at 13°C. than does 
winter material at 12°C.” 

Reaction to Sunlight. The distribution of Tubularia 
at Beaufort is definitely related to the direction of in- 
cidence of sunlight. At all seasons of the year colonies 
are larger and more numerous upon shaded surfaces 
of piles, though this peculiarity is more noticeable in 
warmer months. 

Experimental piles attached to the Duke University 
pier were so arranged that direct sunlight could strike 
them from the east and southeast only. Large colonies 
of Tubularia were almost confined to the northwest 
aspect of these piles, where their hydranths were 
never exposed to direct sunlight. Pile No. 3, for ex- 
ample, was immersed on April 12. By May 12 the 
north and west faces were overgrown by a dense mass 
of Tubularia colonies with numerous healthy-looking 
hydranths, most of which bore mature gonosomes. On 
the south and east faces, however, only a few strag- 
gling colonies had appeared and few of them bore 
ripe gonosomes. By June 17 the difference was even 
more marked. Colonies growing on the north and 
west faces had coalesced into a densely tangled mass 
the almost level surface of which faced due northwest, 
away from the light. On the south and east faces 
only ragged remnants were left, most of them without 
hydranths. The difference was no less striking near 
the bottom, at a depth of ten feet, than at low tide 
mark, 

Three possibilities suggest themselves in explana- 
tion of these facts. First, it may be supposed that 
Tubularia larvae settle in greatest numbers on shaded 
surfaces. But the actinula larva of Tubularia appears 
capable of only very limited active movement. The 
six to nine long tentacles with which it is provided are 
held rigidly extended, no doubt serving to increase its 
buoyaney as it is carried along by the current. When 
in contact with a solid body the larva is able to creep 
about slowly and to a very limited extent by move- 
ments of its tentacles, each of which is provided with 
a sticky knob at its tip. The place of final attachment 
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must be very largely a matter of chance. In faet, 
recently attached individuals were found on all sur- 
faces of the pile in approximately equal numbers. 

Secondly, it may be supposed that direct sunlight 
actually kills established colonies, or at least induces 
autotomy of their hydranths. Morse (1909) investi- 
gated the effect of direct sunlight as a possible cause 
of autotomy in Tubularia and concluded that it was 
not a factor in this process. Samples kept by him in 
finger-bowls exposed to full sunlight for two weeks 
remained in good health so long as the water tem- 
perature was kept below 20°C. 

The results of the following experiment suggest 
that although direct sunlight does not actually kill the 
organism or cause autotomy of its hydranths, it does 
exert an jnhibitory effect upon the growth and de- 
velopment of young colonies. 

In November all the tiles on Pile No. 2 below low 
tide mark supported a luxuriant growth of Tubularia, 
a growth that was confined to the northern margin of 
each tile, where it was not exposed to direct sunlight. 
On November 8 two of these tiles were turned through 
180 degrees so that the Tubularia upon their northern 
margins was now exposed to sunlight for some part 
of each day and their southern margins were con- 
tinuously shaded. The remaining tiles were not dis- 
turbed and acted as controls. The series was sub- 
sequently examined on November 21, December 7, and 
December 27. 

On November 21 little difference was to be noted 
except that hydranths on the inverted tiles were 
somewhat smaller than those on undisturbed tiles.. On 
the originally southern margin of the inverted: tiles 
(now shaded) small new colonies of a few millimeters 
in height had established themselves. 

By December 7 new growth on the shaded side of 
the inverted tiles was extensive and had reached a 
height of seventy millimeters with abundant hydranths. 
The original growth, which had been exposed peri- 
odieally to sunlight since November 8, had continued 
its growth and was searcely distinguishable from that 
on the undisturbed tiles. 

By December 27 the growth on the two margins ef 
the tiles inverted on November 8 was almost equal in 
extent and height. On undisturbed tiles Tubularia 
was still confined to the northern margin. 

These observations suggest that well-established col- 
onies of Tubularia are not greatly affeeted by ex- 
posure to direct sunlight, but that larvae that settle in 
places where they are so exposed are seldom able to 
grow to maturity. Sunlight apparently has an in- 
hibitory effect upon young individuals. 

The general decline of Tubularia in mid-summer is 
undoubtedly a result of the more intense and pro- 
longed sunlight of this season. Higher water tem- 
perature is probably the principal factor, but the 
possibility is suggested that light also acts directly 
upon the organism by inhibiting growth of young 
colonies, and that seasonal increase in light intensity 
may thus contribute directly to decline of the species 
in summer. It is significant that at the higher latitude 
of Woods Hole “the colonies [of Tubularia] grew 
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just as abundantly on the sides of the piles most ex- 
posed to light as on those least exposed” (Pearse 
1906). 

Setting and Growth of Larvae. Setting of Tubu- 
laria larvae on experimental tiles during 1941-1942 
oceurred in April, May, and June and again in Octo- 
ber, November, and December, as shown in Figure 6. 
The heaviest setting occurred in winter months. In 
1941 the first generation Tubularia larvae were lib- 
erated during the first week of April when water 
temperature was round 12°C. The same event evi- 
dently oceurs later in the season at Woods Hole, for 
Fraser (1912) remarks that “at the end of June and 
early in July it [Tubularia crocea] is in a flourishing 
condition, with the actinules still conteined in the bud 
attached to the hydroid body, or already liberated so 
that the new colony is begun.” I have found no ref- 
erence to the breeding of this species during winter 
months. 

The gonosomes of Tubularia hang like bunches of 
grapes from mature hydranths. The actinula larvae 
that eseape from them are, as already mentioned, car- 
ried passively by the current. Many of them settle 
upon the hydrocauli of mature colonies, where they 
grow to maturity. Many become attached to other 
hydroids, bryozoans, tunicates, barnacles, and other 
suitable surfaces. It seems likely, however, that the 
vast majority are swept away by the current and 
never succeed in attaching themselves. If larvae are 
liberated in a finger bow] in the evening, all are found 
to have attached themselves to the glass by the follow- 
ing morning, so that the free-living period is of brief 
duration. 

After attachment growth is extremely rapid under 
favorable conditions. The body of a larva becomes 
the first hydranth which is pushed upwards on a 
rapidly elongating hydrocaulus. From the base of the 
latter three to five stolons grow out over the surface 
of attachment and soon send up other new individuals. 
Colonies that comprised four polyps and were only 5 
mm. in height on April 12 had attained a height of 
60 mm. by April 26 and carried hundreds of hy- 
dranths, some of which were already liberating ac- 
tinulae from mature gonosomes. By May 10 they 
formed a mass 80 to 100 mm. in height. Colonies from 
larvae that settled after the end of April never at- 
tained a height of more than 50 mm. Those that 
settled after the middle of May attained a maximum 
height of 30 mm. and it is probable that many of them 
did not reach maturity before general decline of the 
species in June. 


Pennaria tiarella (Ayres) 


The graceful, pinnately-branched fronds of this 
hydroid, with their pink or vermillion hydranths and 
medusa-buds, are a striking feature of the Beaufort 
pile fauna during summer months. Hargitt (1900) 
described Pennaria with justice as “one of the most 
abundant and beautiful hydroids to be found in the 
waters of the Northeastern Atlantic coast.” 

Pennaria tiarella has been reported from Maine to 
the West Indies (Mayer). At Beaufort, as at Woods 
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Hole, it is active only during the summer. Concerning 
its distribution at Woods Hole Hargitt (1900) re- 
marks “I have not found records of its occurrence in 
flourishing condition later than November, and during 
several years of observation have not taken it in 
mature form earlier than June.” Bumpus (1898) 
records the presence of this species at Woods Hole in 
limited numbers during June. He remarks: “Its 
development is slow, specimens with medusa-buds not 
being taken until June 29. ... Dr. Murbach has found 
the species breeding as late as September.” Thomp- 
son (1899) records that in September at Woods Hole 
“the Eudendrium and Pennaria bore medusa-buds in 
all stages, and the latter species remained in fruit as 
late as the 21st and perhaps later.” 

At Beaufort also Pennaria is dormant during the 
winter, when only occasional remnants may be found 
of horny perisare, from which the coenosare has re- 
treated into the stolons. Signs of renewed activity 
were first observed on April 13, when young hydro- 
eauli, 10 mm. in length and of a bright orange color, 
were found growing from the bases of old stems. 
By April 27 these were 30 to 40 mm. in length with 
many hydranths. Development was rapid during May 
and by June 13 fully formed fronds 80 to 100 mm. in 
length, and bearing mature gonosomes, were abundant 
on the piles. Larvae were first observed upon exper- 
imental tiles on July 1. Hargitt found that some five 
days elapse between liberation of the ovum and set- 
tling of the planula. During June, July, and the first 
weeks of August, large tufts of Pennaria were to be 
seen on almost every pile in the neighborhood though, 
as in the ease of Tubularia, these were largely con- 
fined to shaded surfaces. 

By mid-August gonosomes were nearly spent (a 
few were observed as late as October 12) and no set- 
ting of larvae occurred after August 21. At this time 
most fronds were heavily inerusted with Perophora 
viridis, Bugula, and a sponge (Reniera), and were 
losing their basal hydranths. Large clumps, up to 150 
mm. in length, were sloughing from the piles and 
being swept away by the tide. Sloughing, accompanied 
at first by a certain amount of renewed growth, con- 
tinued through September, October, and November. 
Stems bearing hydranths were observed as late as 
November 21. 

The eyele of activity described appears to cor- 
respond rather closely with that of the same species 
at Woods Hole as recorded by Hargitt (1900) and 
by Bumpus (1898), except that specimens with ma- 
ture gonosomes were present about three weeks earlier 
at Beaufort. 

Setting and Growth of Larvae. The period of 
abundance of Pennaria larvae upon experimental tiles 
is indicated in Figure 7. Once attached, a larva 
grows to a mature colony very rapidly. For example, 
a tile immersed on July 29 and examined fourteen 
days later, was found to bear Pennaria stems 55 mm. 
long; some hydranths already had nearly mature 
gonosomes. 

Pennaria seems to be adversely affected by direct 
sunlight in somewhat the same manner as Tubularia. 
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Fig. 7. Number of Pennaria tiarella larvae that settled 
per week on thirteen tiles (each 3 by 6 inches). June to 
August, 1941. 


On experimental piles colonies were almost confined 
to the northwest (shaded) aspect and individual 
fronds were invariably curved away from the source 
of illumination. 


Eudendrium carneum Clarke 

Fraser (1912) reported two species of Eudendrium 
as abundant upon piles in the Beaufort region, 
Eudendrium carneum Clarke and Eudendrium ra- 
mosum Linnaeus. The two are searcely distinguishable 
from the trophosome alone, but in F. carneum gono- 
phores are borne on almost completely “aborted” hy- 
dranths, while in EF. ramosum hydranths bearing 
gonophores are not “aborted,” though they may be 
somewhat smaller than the others. 

Both species were found at Beaufort in the sum- 
mer of 1941, but E. carneum was by far the most 
abundant, at least upon piles at the Duke University 
pier, and the following discussion may be taken as 
applying to this species. 

In the Woods Hole region Sumner, Osburn, & Cole 
(1911) reported EF. ramosum to be “abundant and of 
general distribution throughout Vineyard Sound and 
Buzzard’s bay,” while EF. carneum was of more limited 
distribution, and was in fact collected at only three 
localities. 

Coneerning reproduction in the Woods Hole region, 
Bumpus (1898) says: “Colonies of Eudendrium prob- 
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ably E. ramosum, were taken in a very imperfect 
condition June 17, apparently just beginning develop- 
ment from old stolons. . . . The earliest sign of de- 
velopment of eggs occurred during the first week of 
July,” the latest, “on September 15th.” 

At Beaufort the season of activity is decidedly 
longer than at Woods Hole. Colonies were first no- 
ticed on the railroad bridge piles on June 4. These 
were already 50 mm. in height and liberated planulae 
when transported to the laboratory. Colonies in- 
creased in abundance throughout the summer and fall 
months and grew predominantly upon shaded sur- 
faces of the piles. The last setting of larvae on ex- 
perimental tiles oceurred November 8, but the tropho- 
somes seemed at first to be little affected by falling 
water temperature. As late as mid-December colonies 
were as numerous as ever and were at this time dis- 
tributed fairly equally upon shaded and sunlit sur- 
faces of the piles. During December the number of 
hydranths was gradually reduced and by January 18, 
though large colonies were still numerous on the piles, 
few could be found in an active condition. 

Setting and Growth of Larvae. Each gonophore of 
E. carneum bears a single ovum which is there ferti- 
lized and develops into a ciliated planula of a bright 
orange color. Planulae are markedly phototropie. 
When liberated in a fingerbow] of sea water they im- 
mediately drop to the bottom and commence to move, 
with remarkable precision, toward the brightest source 
of illumination. This reaction has been studied in de- 
tail by Hargitt (1904) and by Mast (1911). The 
latter observed also that hydranths bend slowly to- 
ward the source of light. In view of these reactions it 
is remarkable that Eudendrium eolonies are to be 
found principally on the shaded surfaces of piles at 
Beaufort, at least during summer. Possibly the in- 
tense summer sunshine of these latitudes is inimical 
to the growth of young colonies, as appears to be the 
ease with Tubularia and Pennaria. 

The planula is free-living for a few hours only. 
It then attaches by its broad anterior end and grows 
very rapidly into the typical branching colony. One 
colony was 12 mm. high when first observed on July 
2. By July 16 it measured 40 mm. By July 30 it 
was 90 mm. high and bore ripe gonosomes. By August 
14 it measured 110 mm. 

Figure 8 indicates the periods and abundance of 
setting of Eudendrium larvae. It is possible that the 
two distinet periods, separated by a two-week interval 
in early August during which no setting oceurred, 
represent the setting periods of two different species 
of Eudendrium. Too few colonies grew to maturity 
on experimental piles to decide this point. 


BrY0ZOA 

Only four species of Bryozoa were found in such 
numbers as to form a conspicuous element of the 
Beaufort pile fauna; they were Bugula neritina 
(Linnaeus), Bugula avicularia (Linnaeus), Schizo- 
porella unicornis (Johnston), and Anguinella palmata 
Van Beneden. Occasional specimens of many other 
species were observed, but not all of these were identi- 








338 


100 r 


50 - 





KENNETH DovuGAaL McDouGALu 





T T is 


JUNE JULY AUG SEPT OCT = § NOV 


Fic. 8. Number of Eudendrium carneum larvae that 


settled per week on thirteen tiles (each 3 by 6 inches). 
June to November, 1941. 


fied. Dr. Raymond C. Osburn, who kindly identified 
a number of specimens, informs me that Acanthodesia 
tenuis (Desor) is the most common inerusting form 
at Beaufort, but although a number of colonies of 
this species developed upon experimental tiles be- 
tween June 24 and November 22, 1941, they were 
much less abundant than colonies of Schizoporella. 
Possibly Acanthodesia more often occurs on shells and 
other objects on the bottom, where competition with 
other incrusting organisms is somewhat less intense 
than on the piles. 


Bugula neritina (Linnaeus) 

Few organisms are more abundant than //. neritina 
upon piles at Beaufort. Purplish-brown, branching 
fronds of this species up to 100 mm. in length may be 
taken in quantity at any season of the year and often 
compose the principal inerustation on a majority of 
the piles. Bugula turrita, which replaces this species 
farther north on the Atlantic coast, somewhat re- 
sembles it, but may be recognized by the presence of 
avicularia. No specimen of B. turrita was found by 
the writer in 1941. Bugula neritina is primarily a 
tropical or semi-tropieal species and probably does 
not range farther north than Beaufort. Osburn 
(1914) found it in abundance at Dry Tortugas, Flor- 
ida. He states that “Verrill has recorded the species 
for the Bermuda Islands and from Fort Macon, near 
Beaufort, North Carolina. Otherwise it has not been 
noticed on the American side of the Atlantic. Robert- 
son found it common on the Pacific coast as far north 
as Monterey Bay, California.” 

In view of the fact that Beaufort is at or near the 
northern limit of the range of B. neritina it was sur- 
prising to find that this species breeds there through- 
out the year, except for a few weeks in March and 
April. As shown in Figure 9, setting of larvae on the 
tiles began in mid-April and by mid-May had reached 
a rate of approximately 100 larvae per tile per week. 
Larvae of Bugula are produced singly; each develops 
in a small brood-pouch or ovicell attached to the up- 


Ecological Monographs 
Vol. 1 ' 











No. 3 
100 F 
50 F 
as A ¥ uM ¥ J ¥ J As A ~~ 4 ’ ° J Nw . ) LJ J . 
MONTHS 
Fig. 9. Number of Bugula neritina larvae that settled 


per tile (3 by 6 inches) per week. April, 1941 to Jan- 
uary, 1942. 


per interior angle of a zodid. Almost every colony 
examined early in May bore many ovicells, each of 
which contained a minute spherical larva. By the 
end of May practically all these larvae had been lib- 
erated and the empty ovicells were breaking off. Set- 
ting on the tiles almost ceased in the first week of 
June, but new ovicells were being formed rapidly and 
setting continued in considerable numbers, though 
somewhat irregularly, throughout the summer and 
fall. 

In May, colonies of B. neritina with mature ovicells 
were placed in glass bowls in the laboratory, near a 
window. Larvae were soon liberated in great numbers 
and swam, without exception, toward the source of 
illumination. A majority of them became attached 
to the glass, or to the surface film, within an hour, 
and one hour later their spherical bodies had already 
begun to elongate. Within twenty-four hours the first 
zooid had been formed. Typically, the first zodid soon 
gives rise to a branching colony comprising hun- 
dreds of members by a process of budding. For ex- 
ample, an individual that measured 2 mm. on May 11 
had formed a colony 15 mm. high by May 26. By 
June 6 this colony was 25 mm. high and some zodids 
had already developed ovicells. By August 12 the 
same colony measured 100 mm. and comprised several 
hundred individuals. 

Since larvae of B. neritina, under laboratory condi- 
tions, were positively phototropie throughout their 
pelagie stage, it was surprising to find that they 
settled in greatest numbers on tiles near the bottom 
of Beaufort Channel. At higher levels their numbers 
were progressively fewer up to their upper limit, 
which is a point about six inches below mean low 
water mark (Table 2). 

It might be supposed that this distribution is brought 
about by the operation of a positive geotropism 
so strong as to overcome the positive phototropism 
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TABLE 2. Numbers of Bugula neritina larvae that set- 
tled at various levels below low tide mark on Pile No. 5 
between June 6 and August 28, 1941. 





Depth, inches....| 0-26 27-52 53-78 79-104 
No. of larvae.... 396 482 700 802 





exhibited by larvae in the laboratory. However, in 
various chambers of the Light Box (described page 
329) that were at the same horizontal level but re- 
ceived different degrees of illumination, it was found 
that the largest numbers of Bugula larvae settled in 
the darker chambers (Table 3). Apparently then, 
Bugula larvae are, under natural conditions, neg- 
atively phototropie in some degree and tend to settle 
in shaded localities. Their vertical distribution is 
probably affected by this reaction also. The anomalous 
behavior of larvae observed in the laboratory illus- 
trates the danger of drawing from laboratory exper- 
iments conclusions as to the reactions of organisms in 
their normal environments. 

B. H. Grave (1930) found that larvae of Bugula 
flabellata are positively phototropie during the first 
part of their free-swimming lives, but that after two 
or three hours they react negatively to light and 
finally settle in shaded parts of an aquarium. He 
believes that these reactions assist in the wide distri- 
bution of larvae and their ultimate attachment to solid 
objects. It seems likely that more careful experiments 
than those performed by the writer would show that 
Bugula neritina larvae also undergo a reversal of 
their original positive phototropism. 


TABLE 3. Number and average size in millimeters of 
Bugula neritina colonies growing in different chambers 
of the Light Box in June and July, 1941. Chambers num- 
bered 1 to 6 were progressively less brightly illuminated. 








Chamber | Number of larvae | Average size (mm.) 
Deena tocicct owes | 426 9.6 
Breil ater 339 7.6 
ete ee ais sa | 541 8.5 
Saris BE | 57 7.8 
| SA ae ee 837 €c4 
| ala ita eae 696 5.7 





The vertical distribution of well-established colonies 
is quite different from that of Bugula larvae. On 
piles that had been submerged for some weeks in June 
and July colonies were most numerous, large, and 
dense in a region extending from six inches to three 
feet below mean low water. Below this level growth 
had been retarded in some way, and within six inches 
of the bottom colonies seldom exceeded a height of 
10 mm. The upper limit of distribution is determined 
by the inability of B. neritina to tolerate exposure to 
air for more than a few minutes at a time. During 
periods of neap tides colonies frequently established 
themselves at, or even above mean low water level, but 
with the return of spring tides all those situated 
above the level of low spring tides were killed by ex- 
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posure to the air. It may be noted here that the 
purplish-brown color of B. neritina is apparently due 
to the presence of two different pigments. When a 
colony is killed a purple pigment immediately begins 
to dissolve out into the surrounding water. A reddish- 
brown pigment remains which is responsible for the 
characteristic reddish color of preserved specimens of 
this species. 

Colonies of B. neritina not only grow more luxu- 
riantly near the surface of the water, they appear also 
to grow best on sunlit surfaces of the piles. In the 
Light Box growth was most rapid in the most brightly 
illuminated chambers, as shown in Table 3. It is not 
suggested that Bugula utilizes sunlight in the manner 
of plants, but it does differ from most of the other 
animal organisms studied in that it grows more 
rapidly and luxuriantly in the presence of direct sun- 
light. Apparently the negative phototropism of 
Bugula larvae does not serve the best interest of the 
species in this respect, since it leads them to attach 
to shaded surfaces. 

Orientation. Stems of Bugula neritina colonies are 
made up of a double series of zodids, all of which face 
in the same direction. Colonies that grow upon ver- 
tical surfaces are so arranged that the zodids all face 
downward, away from the light. In the laboratory it 
was found that larvae invariably orient themselves 
with reference to light upon becoming attached and 
in such a way that the first, and therefore all subse- 
quent zodids, face away from the source of illumina- 
tion. If the direction of ineident light is changed 
after attachment has occurred the colony is unable to 
readjust itself and continues to grow in the original 
position. Certa'n tiles upon which young colonies of 
Bugula were growing were rotated through an angle 
of 180 degrees and fixed in the new position. Colonies 
thus inverted appeared to suffer no damage. They 
continued to grow at a normal rate as long as they 
were kept under observation. It does not appear that 
orientation of Bugula colonies to light is of any ad- 
vantage to them. 


Bugula avicularia (Linnaeus) 


Like B. neritina, this species forms plant-like col- 
onies with upright, branching stems, but these seldom 
exceed 25 mm. in height, are dirty white in color, and, 
as the specific name implies, are plentifully supplied 
with avieularia. Concerning the range of B. avic- 
ularia, Osburn (1910) remarks: “Reeorded by Verrill 
from ‘Long Island Sound to Spitzbergen,’ but it has 
not appeared in any of the collections from the 
Woods Hole region.” It is fairly common at Beau- 
fort, though much less so than B. neritina. Small 
colonies first appeared on the tiles about the middle 
of May, but setting did not oceur in abundance at any 
time. New colonies developed here and there on the 
tiles throughout summer and fall months and gradu- 
ally accumulated until, by December, the species could 
fairly be described as common on the tiles. On piles 
of bridges and piers B. avicularia oceurs sporadieally 
at all seasons, but is nowhere abundant. 
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Anguinella palmata Van Beneden 


Colonies of Anguinella at Beaufort are dark gray 
or black in color as a result of the accumulation of fine 
mud particles in the ectocyst. Osburn (1914) remarks 
of this species that “it is very easily overlooked be- 
cause its irregularly branched form gives it a marked 
resemblance to some of the smaller algae. This species 
is now known to occur on the American coast from 
Dry Tortugas to Buzzard’s Bay, Massachusetts (Os- 
burn, 1912). At Beaufort, North Carolina, it is very 
abundant and grows much larger than at the localities 
mentioned above.” Anguinella was not observed at 
Beaufort in 1941 until August 26, when small colonies 
began to appear on some experimental tiles. Setting 
continued throughout September and October, and 
during the latter month the species became extremely 
abundant in some localities. On the northern aspect 
of piers of the road bridge in particular, colonies up 
to 35 mm. in height became so abundant as to form a 
continuous layer that covered the concrete below low 
water mark. Numbers decreased sharply in December 
and few were observed in January and February, 
1942. 

Schizoporella unicornis (Johnston) 

Colonies of this bryozoan form inerusting sheets 
that vary in shade from white, through pale pink, to a 
dark reddish-brown. It is by far the commonest in- 
crusting bryozoan upon piles at Beaufort and may be 
found there in abundance at any time of year. During 
1941 setting of larvae began in the latter part of 
April, reached a peak in mid-June, and practically 
ceased for some weeks in July and August (Fig. 10). 
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Fig. 10. Number of Schizoporella unicornis larvae that 
settled per tile (3 by 6 inches) per week. April to 
November, 1941. 


In September and October, however, setting was 
almost as abundant as it had been in June; it fell off 
again in November. These two periods of abundant 
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setting occurred at the only two seasons of the year 
when mean water temperature was approximately 22° 
to 25°C. It may be that such temperatures are most 
favorable for spawning of this species. On the other 
hand, the second setting period may have resulted 
from sexual maturation and spawning of colonies that 
were established during the first period. Since the 
time required for sexual maturity to be attained was 
not determined, the cause of the double-peaked curve 
of Figure 10 must await further investigation. 

On experimental tiles Schizoporella larvae settled 
at all levels below low water mark, but in much great- 
est abundance on tiles within one foot of the mud 
line. Unlike many other organisms, this species was 
able to grow vigorously near the bottom and often 
formed the principal incrustation on the two lowest 
tiles. Immediately after settling a larva begins to 
seerete a characteristic caleareous shell about its body. 
Very soon a second zodid is formed by budding, and 
this in turn reproduces asexually. On a flat sub- 
stratum a colony typically takes on the form of a flat, 
cireular sheet, with the primary zodid at its center. 
One such colony that was established at some time 
after May 26 measured 20 mm. in diameter on June 9, 
45 mm. on June 23. When its growth is not impeded 
such a colony usually retains its cireular outline, but 
often other sessile organisms are encountered by the 
growing margin and the latter is then thrown into 
irregular folds which tend to spread over the obstacle. 
Barnacles up to 10 mm. in diameter may be over- 
grown and smothered in this way. Tubiculous annelids 
such as Hydroides hexagonus and Sabellaria vulgaris 
frequently suffer a similar fate. Irregularities in the 
substratum result in insecure attachment of Schizo- 
porella colonies, which consequently tend to slough 
off, together with the shells and tubes of smothered 
organisms. Although living Schizoporella colonies 
seldom afford a basis of attachment for larvae of 
other species, they are frequently overgrown and 
smothered by hydroids, sponges, and tunicates. At- 
tachment of the latter organisms is then doubly in- 
secure and they are likely to be torn from the piles, 
carrying with them a sheet of material composed of 
the ealeareous remains of Schizoporella, barnacles, 
and tubiculous annelids. Sloughing of this type was 
very frequent in August and September and resulted 
in the laying bare of considerable areas of pile 
surface. 

ANNELIDA 

Polychaeta of several species are of common oceur- 
rence in the mud that collects upon hydroids, sponges, 
and other pile-dwelling species. Nereis limbata Ehlers 
and Amphitrite ornata (Leidy) particularly were 
found in abundance in such situations at Beaufort. 
However, only two species occurred that were able to 
establish themselves independently of other organ- 
isms, Sabellaria vulgaris Verrill and Hydroides hex- 
agonus Bose. 


Sabellaria vulgaris Verrill 


The small, sinuous tubes of this worm are con- 
structed of minute sand grains cemented together. 
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Shells, rocks, and old tin cans dredged from the bot- 
tom of Beaufort Channel were often coated with them 
all over to a thickness of an inch or more. Young 
individuals were frequently found upon experimental 
tiles situated below low water mark, but for some 
reason few of them grew to full size. Waterman 
(1934) studied the reproductive processes of Sabel- 
laria vulgaris at Woods Hole, Massachusetts, where 


the species is abundant and produces gametes 
throughout the summer months. Of its breeding 


period he remarks: “It is said that fertilization occurs 
normally during May and June, but a second and 
shorter time has been found during the early part of 
August.” Upon tiles at Beaufort (Fig. 11) setting 
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Fig. 11. Number of Sabellaria vulgaris larvae that set- 

tled per tile (3 by 6 inches) per week on Pile No. 5. June 
to December, 1941. 
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of larvae began about June 15, became fairly abun- 
dant at the end of that month, especially upon the 
lower tiles, and continued at a slow rate throughout 
the summer. The period of heaviest setting, however, 
occurred in late October and early November, when 
‘water temperature had fallen to about 19°C. 
Vertical distribution of Sabellaria on experimental 
piles is shown in Table 4. It will be seen that setting 


TABLE 4. Numbers of Sabellaria vulgaris counted at 
different levels below low tide mark on Pile No. 5 be- 
tween June and November, 1941. 





sie tains «| 0-26 | 27-52 53-78 | 79-104 
134 249 


468 818 





was most. abundant near the bottom and decreased 
up to low water mark. Like Schizoporella, Sabellaria 
seemed able to grow vigorously near the mud line in 
conditions that were unfavorable for the growth of 
hydroids, barnacles, and most of the other organisms 
observed. 

Hydroides hexagonus Bose 


White, hexagonal worm tubes are very abundant 
upon all kinds of submerged objects in Beaufort 
waters, particularly on the under sides of old bricks 
and stones, where these are not embedded in the mud. 
In the summer of 1940 Miss Olga Hartman identified 
the builder of these tubes as Hydroides hexagonus. 
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Setting of larvae upon tiles began in the last week of 
May and ended in the first week of November (Fig. 
12). According to B. H. Grave (1933) the breeding 
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Fig. 12. Number of Hydroides hexagonus larvae that 


settled per tile (3 by 6 inches) per week on Pile No. 5. 
May to November, 1941. 


season of Hydroides is somewhat later at Woods 
Hole, for there it “opens between June 10 and June 
20 and closes between October 20 and November 1.” 
The setting curve for this species, like those for so 
many of the other species studied, shows two peaks; 
a period of abundance in July was followed by a 
period of somewhat less abundant setting in Septem- 
ber. In this case the second peak may well have been 
caused by reproduction of individuals that settled in 
the earlier period, for B. H. Grave found that at 
Woods Hole Hydroides becomes sexually mature in 
“seven or eight weeks after metamorphosis.” 
Vertical distribution of this species was similar to 
that of Sabellaria, as shown in Table 5. Hydroides 


TABLE 5. Numbers of Hydroides hexagonus counted at 





different levels below low tide mark on Pile No. 5 be- 
tween June and November, 1941. 

| | | | 
Depth, inches....| 0-26 27-52 53-78 | 79-104 

| 370 578 | 830 1,602 
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also seemed able to grow satisfactorily near the mud 
line. Individuals that settled at higher levels were 
for the most part smothered by growths of other 
organisms and accumulations of sediment. 

On glass plates in various chambers of the Light 
Box (p. 329) larvae of Hydroides and of Sabel- 
laria settled in much greater abundance in the most 
dimly lighted chamber. This suggests that larvae of 
both species are negatively phototropic prior to at- 
tachment and seek out shaded surfaces. Probably the 
observed vertical distribution of both species upon 
experimental piles resulted from the operation of this 
reaction. 

Preponderance of Hydroides upon the under sur- 
faces of submerged objects is doubtless to be ex- 
plained in the same way, but a probable contributory 
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cause is that individuals that settle on exposed sur- 
faces are sooner or later smothered, either by growths 
of other organisms or by accumulations of sediment. 
Apparently some degree of negative geotropism also 
contributes to this mode of distribution, for in the 
Gravity Box, in which the various collecting plates 
were equally illuminated, Hydroides larvae settled 
most abundantly on the under surface of a horizontal 
plate. Sabellaria larvae, on the contrary, settled in 
greatest numbers on the upper surface of a horizontal 
plate and seemed not to be adversely affected by the 
sediment which accumulated there. 


MOoLLusca 

A list of the mollusean species taken from piles at 
Beaufort by the writer will be found in the appendix. 
Of the seven species of pelecypods only three were 
found in abundance, Ostrea virginica Gmelin, Modio- 
lus demissus (Dillwyn), and Bankia fimbriata (Jeff- 
ries). 

Modiolus demissus (Dillwyn) 

Large specimens of this mussel are extremely abun- 
dant in the many reed beds adjoining Beaufort Har- 
bor. On wharf-piles they are practically limited to 
the intertidal region, where they are commonly asso- 
ciated with oysters. Young individuals first appeared 
upon experimental piles in the last week of August 
and setting continued throughout September and Oc- 
tober, though never in abundance. Setting occurred 
chiefly on tiles situated six inches above low water 
mark and to some extent on tiles between six inches 
below and 24 inches above that point. A majority of 
the young Modiolus developed on the backs of tiles, 
in the grooves between these and the piles to which 
they were attached. 


Bankia fimbriata (Jeffries) 

Sigerfoos (1907) reported three species’of ship- 
worms from the Beaufort region, Xylotrya gouldi 
(Bankia fimbriata) and two species of Teredo. Like 
Norton (1939), the writer was unable to discover any 
specimens of Teredo. Experimental piles of untreated 
pine wood that were immersed at the end of April had 
become so riddled with Bankia tubes by the end of 
August that they had to be replaced by fresh timbers. 
The latter, however, were not attacked during the re- 
mainder of the year. Norton (1939) believed that in- 
festation of timbers by Bankia oceurs in late fall and 
early winter months at Beaufort, but this was not 
true in 1941. A pile 4.5 by 2.25 inches in eross sec- 
tion that had been immersed on April 27, 1941, was 
taken up on August 31 and sawed into one-foot see- 
tions. Counts of the numbers of Bankia tubes at 
various levels (Table 6) confirmed the observations 


TABLE 6. Numbers of Bankia fimbriata tubes in see- 
tions of a 2.25 by 4.5 inch pile cut at various levels. 
Height of each cut above the mud line is shown in feet. 
Mean low water at 8 feet. 





| 
Height, feet . .| 1 


| 


15| 14,9 | 0 
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of Norton and other investigators that infestation of 
timbers by this organism is commonly heaviest near 
the mud line. 


Ostrea virginica Gmelin 
The natural history of edible oysters has been thor- 
oughly studied along the Atlantic coast of North 
America by so many highly qualified investigators 
(Hopkins, Prytherch, Nelson, Galtsoff, Stafford, Loo- 
sanoff, and others) that the writer presents the fol- 
lowing observations only with the greatest diffidence. 
Figure 13 shows the numbers of oyster spat that 
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Fig. 13. Number of Ostrea virginica larvae that settled 
per tile (3 by 6 inches) per week on Pile No. 5. June to 
November, 1941. 


settled on tiles of Pile No. 5 at different times in the 
summer of 1941. Setting began about June 10, 
reached a peak on July 1, and fell off during July and 
August. A second, more abundant setting period 
reached its peak in the first week of September and 
continued into the first days of November. It is well 
established that water temperature affects both ripen- 
ing of the gonads and the spawning reaction of oys- 
ters. Observations by Prytherech (1929), Nelson 
(1924), and others indicate that Ostrea virginica does 
not spawn until water temperature reaches 20°C., and 
that spawning usually oceurs after the water has 
reached and maintained for a few days a temperature 
of 20° to 21°C. The free-swimming larval stage is 
said to last about fourteen days. Prytherch (1929) 
found that “tn Connecticut waters there generally 
occur two spawnings, the first being very light and 
oceurring about the middle of July, while the second 
is heavier and oceurs about the 1st of August. The 
time of spawning was found to vary somewhat from 
year to year in accordance with water temperature 
and tidal conditions.” In 1925 and 1926 the two 
spawning periods in Connecticut waters were sep- 
arated by an interval during which the water tem- 
perature was less than 20°C. Setting of spat at Beau- 
fort in 1941 also occurred in two periods, as shown in 
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Figure 13, but it is not clear that this can be inter- 
preted on the basis of temperature changes. A water 
temperature of 20° to 22°C. was maintained during 
the last two weeks of May and presumably spawning 
oceurred at that time, for spat began to settle in the 
second week of June. However, the temperature did 
not again fall below 20°C. until the following October. 
The decline of setting in July and August must have 
been due to some factor other than cessation of 
spawning because of low water temperature. Hopkins 
(1937) found that setting of the Olympia oyster in 
Puget Sound oecurred most abundantly in periods of 
spring tides, but such a correlation was not evident 
at Beaufort. 

Vertical distribution of spat on Pile No. 5 is shown 
in Table 7. Setting was heaviest near the mud line 


TABLE 7. Numbers of Oystrea virginica that settled at 
various levels below low tide mark on Pile No. 5, June 
17 to August 28, 1941. 





0-26 27-52 53-78 | 79-104 


120 131 


Depth, inches... . 
212 962 





and decreased at higher levels up to low water mark. 
On relatively clean tiles, like those of Pile No. 5, no 
setting occurred in the intertidal region. On tiles that 
were exposed continuously, however, like those of Pile 
No 2, spat settled and developed as much as 28 inches 
above low water mark. Possibly the film of organic 
matter on these tiles protected the spat from desicea- 
tion to some extent. 

The distribution of spat indicated in Table 7 is 
similar to that found by Prythereh (1929) in Great 
South Bay, Long Island. This author discovered 
(1934) that the setting reaction of oyster larvae is 
stimulated by minute amounts of copper in the sur- 
rounding water, and that this element is necessary also 
for metamorphosis and development of attached 
larvae. Under natural conditions the larvae ingest 
minute amounts of colloidal copper. The source of 
the element is “the land in each drainage basin from 
which the metal is dissolved and transported by sur- 
face and underground waters to the oyster growing 
areas.” Distribution of spat on vertical surfaces in 
the intertidal region varies from one locality to 
another, but Prytherech believes that setting commonly 
occurs near the surface and that “the level at which 
heaviest setting occurs corresponds with the stage of 
tide when salinity is lowest and the content of copper 
and river water greatest.” At levels below low water 
mark “the larvae may receive copper stimulation 
while on the bottom through the precipitation and 
deposition of this element as a metacolloid of copper, 
or by rising to the surface for a short interval, and 
there ingesting a sufficient amount of this substance 
to induce setting,” or a supply of copper may be pro- 
vided near the bottom by the inflow of submarine 
springs. Whether the vertical distribution of spat 
shown in Table 7 was correlated with a vertical grada- 
tion of available copper in the water was not de- 
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termined. A few salinity determinations made by the 
writer indicated that there is usually very little differ- 
ence in salinity between surface and bottom water 
at the Duke University pier. 

Prytherch (1934) remarks that “the most prolific 
zones are those where heaviest setting occurs.” At the 
Duke University pier, however, this does not appear 
to be the case. On clean tiles setting was always heav-_ 
iest near the bottom, as shown in Table 7, yet on the 
piles in this region large oysters are almost wholly 
confined to the intertidal region; most of them are 
situated in a horizontal band extending from one to 
two feet above mean low water mark. This distribu- 
tion is apparently brought about by the death of 
nearly all spat that settle below low tide level. For 
example, on Pile No. 2 the free surface or edges of 
almost every tile carried one or more young oysters 
on August 15. By December 27, however, none re- 
mained on the free surfaces of tiles below low water 
mark, while three tiles in the intertidal region bore a 
total of eighteen healthy oysters up to 50 mm. in 
length. The cause of this differential mortality is sug- 
gested by the fact that on the backs of tiles, where 
most other organisms were unable to grow, oysters 
survived in considerable numbers at all levels and 
were, in fact, most numerous on December 27 on the 
two tiles nearest the bottom. It seems likely that on 
exposed surfaces of tiles below low water mark oyster 
spat were sooner or later smothered by the abundant 
growth of hydroids, sponges, and other organisms. 
Destruction of continuously submerged oysters may 
have been due in part to attacks by the oyster drill, 
Urosalpinx cinereus and the boring sponge, Cliona 
cellata, but neither of these species is common at the 
Duke University pier and it is believed that most of 
the deaths were due to deprivation of food and oxygen 
by inerusting organisms. 


CirRIPEDIA 


Six species of sessile barnacles were found in the 
Beaufort region in 1941-1942. They were Balanus 
eburneus Gould, Balanus amphitrite niveus Darwin, 
Balanus improvisus Darwin, Chthamalus fragilis Dar- 
win, Balanus galeatus (Linnaeus), and Chelonibia 
patula (Ranzani). A few individuals of a seventh 
species appeared upon some tiles in late summer and 
fall, but as none of these grew to maturity they could 
not be identified. 

Adults of Balanus galeatus are wholly confined to 
the fronds of gorgonian corals. Pilsbry (1916) 
records the range of this species as South Carolina to 
the West Indies and Central America. It is not com- 
mon at Beaufort, but occasional specimens have been 
found upon the stems of Leptogorgia vingulata. 

Chelonibia patula is said to be limited to the backs 
of crabs. At Beaufort it is frequently found upon 
the carapace of blue crabs (Callinectes sapidus), but 
also upon the king crab (Limulus polyphemus). 

In spite of extensive search, Balanus balanoides 
(Linnaeus), which is so abundant at Woods Hole, was 
not found in the Beaufort region. The upper inter- 
tidal region occupied elsewhere by this species is at 








344 


Beaufort occupied by Chthamalus fragilis. Pilsbry 
(1916) states that C. fragilis ranges north to Woods 
Hole and that the southern limit of B. balanoides is 
Ocean City, New Jersey, where the two species may 
be found growing side by side. 


Balanus eburneus Gould 


This, the common ivory barnacle, has been recorded 
from Massachusetts to the Caribbean coast of South 
America. At Beaufort it is the largest and the most 
abundant species of barnacles. Because of this, and 
because also of its prolonged breeding period, it is 
probably the most serious fouling pest of the region. 

Fish (1925) records that at Woods Hole in 1922 
larvae of B. eburneus first appeared in the plankton 
on August 1, reached maximum abundance in mid- 
August, then fell off in number rapidly, “scattering 
individuals being taken until November 12.” In 1923 
the breeding season was even shorter—August 12 to 
October 4. According to B. H. Grave (1933), how- 
ever, data collected over a period of several years 
(1926-1932) at Woods Hole indicate that “the first 
eyprids become permanently attached and metamor- 
phose between June 15 to June 23.” At Beaufort in 
1941, as shown in Figure 14, setting of this species 
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Fig. 14. Number of Balanus eburneus larvae that set- 
tled per tile (3 by 6 inches) per day. March to December, 


on the tiles began in mid-March, reached a peak in 
the first week of July, and continued into December. 
Up until June 6 setting was very light, at the rate 
of one or two individuals per tile every twenty-four 
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hours. During following weeks the rate increased 
rapidly and enormously, reaching an average of 
nearly fifteen hundred barnacles per tile per day in 
the first week of July. Tiles that were submerged at 
this time collected an average of about one barnacle 
to each 1.5 square millimeters of surface in the course 
of one week. The rate of setting fell off in late July 
as rapidly as it had inereased in June, but did not 
cease altogether until the first week of December. In 
September there was a second slight increase to a 
maximum of 28 barnacles per tile per day near the 
end of that month. It is said that B. eburneus may 
reach sexual maturity in as little as sixty days (B. H. 
trave 1933), so the increase of setting in September 
may have resulted from the spawning of individuals 
which were themselves spawned in July. 

Mortality. It is probable that the hard, dark- 
colored, slightly uneven surfaces of the tiles used in 
these experiments afforded almost ideal conditions for 
the attachment of young barnacles. Such surfaces are 
searee at Beaufort and it must be supposed that of 
the swarms of ecyprids that bombard the piles through- 
out the daylight hours of summer months only a small 
proportion succeed in finding a firm basis of attach- 
ment. Some observations upon types of surface suit- 
able for the development of B. eburneus will be 
presented later. 

Of the eyprids that did become attached and met- 
amorphosed upon experimental tiles it was again a 
very small proportion that succeeded in growing there 
to maturity. The intensity of intra-specific competi- 
tion for space may be indicated by the fact that a 
single tile, submerged for one week in July, acquired 
an estimated population of 13,900 young barnaeles. 
Since there was room on the tile for only fifty to sixty 
adult barnacles it is clear that all but about 0.5 per- 
cent of the young spat must inevitably have perished 
for lack of space. 

Barnacles, though well protected by their calcareous 
plates, are nevertheless preyed upon by certain ani- 
mals. One of these, the turbellarian worm LEusty- 
lochus meridianalis, is very abundant upon piles at 
Beaufort throughout the summer. Upon experimental 
tiles it was most commonly found sheltering within 
the shells of dead barnacles. When such an individual 
is disturbed with the point of a needle it emerges 
from its hiding place and glides rapidly over the tile 
surface, exploring every barnacle in its path. Upon 
finding an empty shell it immediately enters and once 
more becomes quiescent. The writer has never chanced 
to see one of these worms attack a living barnacle, but 
Pearse & Wharton (1938) found that “Hustylochus 
meridianalis readily ate barnacles and even killed 
Balanus to get food” at Apalachicola Bay, Florida. 
If Eustylochus feeds mainly or exclusively upon bar- 
nacles it must be a factor of considerable importance 
in the mortality of B. eburneus at Beaufort. Sea- 
urchins of the species Arbacia punctulata are common 
upon piles in Beaufort harbor, where they move about 
slowly, browsing as they go. Huntsman (1918) found 
that areas of rock surface exposed to the depredations 
of sea-urchins may in consequence be completely de- 
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nuded of barnacles. At least three species of fishes 
that frequent pilings of the Duke University pier 
probably feed to some extent upon barnacles, the 
Sheepshead, Archosargus probatocephalus (Wal- 
baum), the File-fish Monocanthus hispidus (Lin- 
naeus), and the Pin-fish Lagodon rhomboides (Lin- 
naeus). 

In addition to the factors inimical to young bar- 
nacles already enumerated there is another that deci- 
mates populations in the latter part of summer. From 
July 15 onward it was found that of the several 
thousand young barnacles that had settled upon each 
tile by the end of one week a large proportion were 
already dead. In some instances nothing remained but 
the empty shell, in many others the dead body of the 
barnacle was still present, the cirri, and sometimes 
the body itself, protruding between gaping opercular 
valves. During August and succeeding months re- 
peated counts showed that only 1.0 to 1.5 percent of 
the barnacles that settled upon each tile during a 
given week were still living at the end of that week. 
Evidently the harmful agency, whatever it may have 
been, became more pronounced in September for, 
although young barnacles continued to settle up to 
the second week of December, none: that settled on 
tiles of the Floating Plank after August 28 were still 
alive at the end of the year. 

It is not likely that this high mortality was due to 
overcrowding, for at the end of one week the young 
barnacles had not grown sufficiently to disturb each 
other greatly. Moreover, such high mortality did not 
oceur in June, when crowding was no less than in 
September. Nor will high water temperatures explain 
it, for they were similar in the two months. There is 
reason to believe that young B. eburneus may be 
killed by exposure to sunlight, but as the Floating 
Plank and all the experimental piles were shaded by 
the Duke University pier, and as sunlight was pre- 
sumably no less intense in June than it was in Sep- 
tember and October, this will not explain the higher 
mortality rate in the latter months. 

That strong daylight is probably harmful to small 
individuals of B. eburneus is shown by an experiment 
performed in the summer of 1941. Three numbered 
tiles were attached to the Gravity Box in such posi- 
tions that they received different degrees of illumina- 
tion (Fig. 16, p. 351). No. 3, attached to the outside 
of the box, was exposed to full daylight. No. 2, at- 
tached inside near the south end, received only light 
rays that entered horizontally from the south. No. 1, 
attached inside the box near the north end, received 
only rays that entered horizontally from the north. 
The tiles were set out on July 12. Three days later, 
4s shown in Table 8, the greatest number of eyprids 
had settled upon the unshaded tile, perhaps because 
of its accessibility to eyprids in a greater volume of 
surrounding water. By July 30 populations on all 
three tiles had inereased greatly, but most on the 
shaded tiles. In August all three populations de- 
creased, most rapidly on the brightly illuminated tile, 
least rapidly on the tile facing north, and at an inter- 
mediate rate on the shaded tile facing south. The 
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TABLE 8. Showing numbers of Balanus eburneus grow- 
ing upon (1) a tile exposed to full daylight, (2) a tile 
shaded except from the south, and (3) a tile shaded ex- 
cept from the north. 
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Tile Number | 
ee Se | ae Se Ss ee 
July ee 195 | 439 640 
August 12..:.... 2 55 130 
August 27....... 0 | 44 115 
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preference shown by eyprids for shaded surfaces will 
be considered on a later page. The point to be made 
here is that the three populations established by Julv 
30 decreased during August in direct relation to the 
amount of illumination to which each was exposed. 
Barnacles upon the most brightly illuminated tile were 
all dead before the end of August. Whether such 
deaths resulted directly from an effect of sunlight 
upon the organisms, or whether some other factor, 
proportional to the amount of sunlight, was the 
agency concerned was not determined. It seems likely, 
however, that the lethal agent at work in the course 
of this experiment was at least partly responsible for 
the high mortality among barnacles previously de- 
seribed. 

Many barnacles that settle upon relatively clean 
areas of the piles are subsequently killed by other 
organisms. Colonies of the hydroids, Tubularia and 
Pennaria, particularly, form dense mats of stems and 
stolons that become incrusted with diatoms, sponges, 
and protozoans and accumulate quantities of sedi- 
ment at their bases. The whole collection forms a 
mass that not only prevents attachment of young bar- 
nacles, but smothers most of those which had previ- 
ously become established. The inerusting bryozoan 
Schizoporella unicornis is extremely abundant upon 
the piles at Beaufort and probably contributes in no 
small degree to the mortality among small barnacles. 
A rapidly growing sheet of Schizopovella has fre- 
quently been observed to grow up over the shell of a 
neighboring barnacle, encroaching upon its opereular 
orifice until the barnacle is no longer able to extend 
its cirri and obtain food. Barnacles as much as 10 
mm. in diameter may be killed in this way, but smaller 
individuals are more easily subdued. Sheets of 
Schizoporella growing upon experimental tiles are 
usually not flat, but raised into humps here and there. 
Within each of these humps the remains of a dead 
barnacle may usually be found. 

As a result of intra-specific and inter-specific com- 
petition for such essentials as space, food, and ox- 
ygen, the attacks of predators, and deaths from other 
causes, it must be a very small fraction of one per- 
cent of cyprids that succeed in attaching themselves 
and growing to sexual maturity. Like so many other 
marine organisms with pelagic larval stages, barnacles 
manage to survive only by the production of immense 
numbers of young. 

Vertical Distribution. Pilsbry (1916) records the 
bathymetric range of B. eburneus as from low water 
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to twenty fathoms. Verrill & Smith (1874) remark 
that “it is chiefly found below low-water mark if on 
fixed objects.” Sumner, Osburn, & Cole (1911) state 
that B. eburneus “is oceasionally met with between 
tides, but, generally speaking, its bathymetric range 
commences where that of Balanus balanoides ends, i.e. 
at low-water mark.” Setting of this species at Beau- 
fort occurred in greatest abundance two or three feet 
below low water mark, but adults were most numerous 
in the intertidal region, as found also by Norton 
(1939). The highest level at which adult individuals 
were observed was thirty inches above mean low water 
mark (mean high water thirty-one inches). 

Vertical distribution of young B. eburneus upon 
experimental piles at Beaufort is illustrated by Fig- 
ure 15, in which under A each number represents the 
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Fig. 15. Vertical distribution of young Balanus ebur- 
neus, A., on tiles attached to a fixed pile and B., on tiles 
attached to the Floating Pile. Length of the horizontal 
columns represents in graphic form the relative numbers 
that settled at different levels. The columns under B. are 
constructed on a larger scale than those under A. 


NO. PER TILE 


total number of young B. eburneus counted upon a 
given tile during seven weeks in June and July. It 
will be observed that very few settled above low water 
mark, that the largest number settled at about three 
feet below that point, and that relatively few settled 
at a depth of eight feet, near the bottom. In Figure 
15B each number represents the total of young B. 
eburneus counted upon a given tile of the Floating 
Pile in seven weeks during April, May, and June. 
The Floating Pile moved up and down with the tide 
so that each tile upon it was always at the same depth 
below the surface. At low tide it was in the position 
relative to the fixed pile that is shown in Figure 15. 
At high tide its lower end was at a point about three 
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feet below mean low water. The numbers in Figure 
15B are smaller than those in Figure 15A because 
counts on the Floating Pile were made earlier in the 
season. Counts of fixed piles in April showed a dis- 
tribution similar to that indicated in Figure 154A. 

The utterly different distributions of barnacles 
upon these two piles can be understood on the basis 
of two assumptions: (1) that setting of B. eburneus 
larvae oceurs in greatest abundance at a point some 
five to six feet below the surface, and (2) that setting 
occurs chiefly during high water. The numbers, par- 
ticularly those for the Floating Pile, are not large 
enough to justify a definite conclusion, but they do 
suggest the desirability of further experiment to test 
the second hypothesis, that setting occurs in greatest 
abundance during periods of high water. In this 
connection it is significant that Visscher & Luce 
(1928), collecting eyprids of B. improvisus and B. 
amphitrite at Beaufort with a tow net, found that 
“eyprids appear to be most abundant on an incoming 
tide and at flood tide,” and “about eight feet below 
the surface.” 

Although, on clean tiles, larvae settle in greatest 
numbers below low tide, adults of B. eburneus on 
shaded surfaces of many piles at Beaufort are most 
abundant in the intertidal region. Undoubtedly, foul- 
ing of the piles below low tide mark by such or- 
ganisms as hydroids, sponges, and bryozoans prevents 
the attachment of many larvae and results in the 
smothering of many that do become attached. Also, 
barnacles that grow below low tide mark are more 
exposed to attack by such aquatic predators as those 
previously mentioned. Nevertheless, the presence of 
large B. eburneus in the intertidal region of many 
piles was mysterious to the writer in the summer of 
1941, since on experimental tiles hardly any settle- 
ment was observed above low water mark. For ex- 
ample, on a tile of Pile No. 5 that extended from six 
to twelve inches above low water mark no setting oc- 
eurred prior to August 21. However, during Sep- 
tember, October, and November this tile collected just 
as many B. eburneus as other tiles situated below low 
water. Table 9 illustrates the same phenomenon as it 


TABLE 9. Numbers of Balanus eburneus upon three 
tiles in the intertidal region of Pile No. 2 between June, 
1941 and January, 1942. 
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occurred upon Pile No. 2. On three tiles above low 
water mark no setting occurred prior to July. During 
July and August a few individuals settled upon the 
two lower tiles, but nearly all of them soon died. 
During September, October, and November the two 
lower tiles became crowded with individuals of large 
size (18 mm.) and in December a few specimens estab- 
lished themselves upon the highest of the three tiles. 

Apparently, during spring and summer months 
eyprids of B. eburneus are not able to tolerate ex- 
posure to the air during periods of low water, but 
during fall and winter months they can do so and 
many successfully establish themselves in the inter- 
tidal region. Whether differences in light intensity, 
humidity, or air temperature are responsible for this 
phenomenon is not certain. If setting oceurs in other 
years as it did in 1941, it would seem that the heavy 
populations of large B. eburneus observed in the in- 
tertidal region of many piles are composed of indi- 
viduals that settled in fall and winter months of 
previous years. The fact that intertidal levels are 
often more heavily populated by this species than sub- 
tidal levels must be attributed to higher mortality in 
the latter region. 

Pilsbry (1916) gives twenty fathoms as the greatest 
depth at which B. eburneus occurs. On experimental 
piles, however, no individual measuring more than a 
few millimeters was found upon tiles within eighteen 
inches of the bottom of Beaufort Channel. Larvae 
settled on such tiles in considerable numbers (Fig. 
16A), but nearly all of them soon died. It is possible 
that some substance inimical to young barnacles dif- 
fuses from the mud that forms the bottom of the 
channel. 

Surface of Attachment. Since barnacles are one of 
the principal organisms concerned in fouling of ships, 
investigators of fouling problems have devoted much 
effort to the search for a type of surface unfavorable 
for attachment and growth of barnacles. The writer 
was not primarily concerned with this problem, but 
the results of a few observations and experiments that 
have a bearing on the subject seem worth recording. 
Table 10 indicates the numbers of barnacles (B. 


TABLE 10. Numbers of Balanus eburneus counted at 
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Nevertheless, slightly heavier setting upon tiles may 
well have been due to the known preference ( Visscher 
1928) of eyprids for dark-colored surfaces. There 
was no apparent difference in subsequent mortality 
rate of the two lots. Norton (1939), comparing wood 
with conerete piles at Beaufort, noted that “appar- 
ently there is very little difference in the number of 
adult barnacles on wood and conerete.”’ This is not in 
accord with the findings of Coe & Allen (1937) 
that barnacles grew better and settled in greater 
numbers (up to 300 per sq. in.) on cement blocks than 
on wood blocks (up to 97 per sq. in.). However, they 
were working with Balanus tintinnabulum califor- 
nicus, and it is well known that species of barnacles 
differ in their choice of surface for attachment. 

Moore and Kitching (1939) found that barnacles 
of the species Chthamalus stellatus (Poli) oceur in 
much greater abundance upon rock strata that present 
a coarse-textured surface than upon others that are 
relatively smooth. Upon rocky shores it is frequently 
found that barnacles are most abundant in grooves 
and crevices of a rock surface. Moore (1935) pub- 
lished a photograph illustrating such distribution and 
concluded that “the much higher degree of concentra- 
tion of barnacles in the grooves than on the neighbor- 
ing smooth surface (Fig. 7), shows that the eyprids 
must have explored the surface and chosen by pref- 
erence the shelter of the groove.” That such choice 
may occur is indicated by the discovery (Visscher 
1928) that eyprids of several species of barnacles ex- 
plore the surface by creeping over it for as much 
as an hour before finally selecting a site for attach- 
ment. The writer would add that such explorations 
may be broken off by the cyprids swimming away en- 
tirely and trying again elsewhere. 

To test the reactions of cyprids of B. eburneus to 
rough and smooth surfaces, comparative counts were 
made of numbers that settled respectively upon panes 
of smooth glass and other panes, of equal area, that 
had been roughened by exposure to a coarse sand 
blast. The results are shown in Table 11. Rather un- 


TABLE 11. Numbers of Balanus eburneus that settled 
upon equal areas of smooth and of rough glass in June, 
1941. 
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eburneus ) counted at different times upon equal areas 
of wood slips and tiles on the Floating Pile. Since 
the wood slips were eut from heart cypress they were 
almost as dark in shade when wet as the red tiles. 


For example, exposure for one minute to a strong jet 
of tap water resulted in the washing away of 17 per- 
cent of the unmetamorphosed eyprids on a rough plate 
and the loss of 76 percent of such cyprids from a 
smocth plate. Again, young metamorphosed barnacles 
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on smooth plates were easily wiped off with the fin- 
gers, while those on rough plates were not readily 
removed in this way. 

It appears that cyprids of B. eburneus do not 
actively select rough in preference to smooth surfaces 
for attachment. It is probable, however, that, in 
localities exposed to the scouring action of surf, indi- 
viduals that settle on rough surfaces or in crevices 
will be most likely to adhere and survive. Possibly 
the preponderance of barnacles in grooves and upon 
coarse-textured rock strata observed respectively by 
Moore (1935) and by Moore & Kitching (1939) are 
to be explained in this way. 

It has been suggested that clean surfaces are less 
favorable for the attachment of barnacles, and other 
maero-organisms, than surfaces that have acquired a 
film of micro-organisms. ZoBell & Allen (1935) pre- 
pared pure cultures of various species of marine bac- 
teria. They then allowed films derived from such eul- 
tures to form upon glass slides. The rate and extent 
of fouling of these film-coated slides was compared 
with that of similar but sterile slides. Results “show 
quite conclusively that bacteria, and, to a lesser ex- 
tent, other micro-organisms are the primary film- 
formers on submerged glass slides, and that such films 
favor the subsequent attachment of the larger and 
more inimical fouling organisms.” Miss Rice (1930) 
compared rocks brought from dry land with others 
that had been wet at every tide. She found that more 
barnacles settled on the latter. Most of those that set- 
tled on the rocks brought from dry land died before 
reaching a diameter of one millimeter. Coe & Allen 
(1937) compared desiccated glass plates with others 
that had been seraped free of fouling organisms with 
a razor blade and resubmerged while still wet. They 
found that “with but few exceptions the wet plate 
when examined at the end of the four weeks had a 
more luxuriant growth of both algae and animal 
forms, and the individuals had grown to a larger 
mean size than on the dry plate.” 

There can be little doubt, then, that perfectly clean 
surfaces are less favorable for the attachment of 
barnacles than surfaces that have had an opportunity 
to aequire a thin primary film of micro-organisms. On 
the other hand, there is evidence that thick films of 
micro-organisms, or heavy inecrustations of macro- 
organisms, are inimical to the settlement and growth 
of barnacles. For example, Pomerat & Reiner (1940) 
observed that populations of young barnacles upon 
glass plates became limited in from three to five days 
“probably due to primary films.” Coe & Allen (1937) 
noted that “the unprecedented abundance of the.colo- 
nial amphipod Erichthonius in the early summer of 
1933 prevented the attachment of more than a few 
barnacles or, more probably, smothered nearly all the 
young ones soon after attachment” and that “the 
earlier parts of those years which were especially 
favorable for the growth of algae, particularly of 
Ectocarpus, were correspondingly unsuitable for the 
attachment and growth of barnacles.” 

When larvae of B. eburneus at Beaufort reached 
their maximum abundance in July the piles were 
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already heavily inerusted with other organisms. Upon 
some of these, such as Bugula, hydroids, and tunicates, 
a few barnacle larvae settled and metamorphosed, but 
did not grow to more than a few millimeters. Upon 
surfaces oceupied by inerusting bryozoans, sponges, 
and Hydractinia, no barnacles were observed at any 
time. Thus the settlement of barnacle larvae was pre- 
vented on large areas of the piles by the presence of 
previously established growths of other species. How- 
ever, as previously remarked, large masses of hy- 
droids, tunicates, and other growths were frequently 
sloughed from the piles, particularly during the de- 
cline of Tubularia in June. In this way relatively 
clean areas of pile surface were exposed from time 
to time and these were immediately occupied by young 
barnacles. 

On Pile No. 2, submerged continuously from Feb- 
ruary 1941 onward, tiles that were situated near low 
water mark soon aequired a film or scum composed 
of filamentous algae, organie and inorganic sediment, 
bacteria, protozoans, and diatoms. A few barnacles 
became established on these tiles in May, before the 
film had become very thick or dense, but subsequent 
arrivals were apparently prevented by the film from 
securing a hold upon the tiles. Only when previously 
established barnacles died and sloughed off, or when 
pieces of the film beeame detached and were washed 
away, was an opportunity afforded for increase of the 
barnacle population. Again, three clean tiles that 
were submerged on July 12 had acquired a population 
of about 1200 barnaecles by the end of that month. In 
the following month, however, the populations de- 
creased instead of growing. Cyprids were still set- 
tling in considerable numbers on clean tiles near by, 
but the tiles submerged on July 12 had evidently ac- 
quired a film that prevented attachment of new 
arrivals. 

Reactions to Light. Visscher (1928) and Visscher 
& Luce (1928) have shown that eyprids of var- 
ious species of barnacles, just before they are ready 
to become attached, react negatively to light; they 
swim away from a source of illumination, and of 
various spectral colors green is most effective in ex- 
citing this reaction. Visscher (1928), Edmondson & 
Ingram (1939), and Pomerat & Reiner (1942) all 
found that black or dark-colored surfaces became 
more heavily fouled with barnacles than white or 
light-colored surfaces when exposed for periods of 
twenty-four hours or more. Pomerat & Reiner, how- 
ever, found that light- and dark-colored glass plates 
that were submerged during hours of darkness only 
collected about equal numbers of barnacles. 

In July 1941 the following experiment was _ per- 
formed at Beaufort to determine some reactions to 
light of B. eburneus. The usual tiles were used, but 
half the surface of each was coated with white enamel, 
the other half with black enamel. (The black enamel 
used in these experiments had a glossy finish. Viss- 
cher has shown that such a finish may reflect almost 
as much light as a white surface under certain cir- 
eumstanees and is therefore not wholly suitable for 
such experiments.) Two sets of such enameled tiles 
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were submerged at the Duke University pier, one 
where it was exposed to direct sunlight during most 
of each day, the other in a shaded situation beneath 
the pier. Both sets were examined, cleaned, and re- 
placed at eight-hour intervals for three successive 
days. Results were as follows: Black was preferred 
to white in a ratio of approximately 1.5 to 1. This 
preference was more marked in the unshaded site 
(3.3:1) than in the shaded site (1.4:1) and was not 
evident at night. During daylight hours settlement 
was at an average rate of 72 barnacles per tile every 
eight hours, but during hours of darkness (8:00 p.m. 
to 4:00 a.m.) rate of settlement averaged only six 
barnacles per tile every eight hours, and during one 
of the three nights no settlement oceurred. About 
twice as many barnaeles settled upon shaded as upon 
unshaded tiles. Two sets of enameled tiles that were 
left for seven days before being examined were found 
to have acquired almost equal populations of B. ebur- 
neus upon the black and the white portions of their 
surfaces. 

These results agree with those of other investigators 
in suggesting the operation of a negative photo- 
tropism in the selection of sites by eyprid larvae, and 
in showing that “white surfaces have an antifouling 
advantage over dark ones for short periods of time” 
(Edmondson & Ingram 1939). Visscher does not 
mention whether setting was less abundant at night, 
but Edmondson & Ingram state that “settling of or- 
ganisms occurs as freely at night as during daylight 
hours.” However, their published data appear hardly 
to justify such a statement, as on one of the three 
nights during which their observations were made no 
settling occurred. Pomerat & Reiner seem to have ob- 
tained an abundant set of eyprid larvae during four 
dark nights on which collecting plates were exposed. 

Evidently the settling of barnacle eyprids is influ- 
enced by the quantity and quality of incident light 
and by the tone of the surface of submerged objects, 
but further experiment is required before definite 
conclusions can be formulated. 

Orientation. Upon vertical surfaces at Beaufort it 
was observed that the majoriy of barnacles were 
oriented in one particular way, namely, with the long 
(carino-rostral) axis of the base vertical and the 
earinal extremity of this axis uppermost. In this posi- 
tion movement of the cirri in feeding consists of a 
downward sweep through the water. Where barnacles 
are very crowded individuals may be found in almost 
any position, but otherwise almost all are seen to lie 
in the position deseribed. Moreover, this is true not 
only of B. eburneus, but of B. amphitrite, B. im- 
provisus, and Chthamalus fragilis also. 

Observation of early stages upon experimental tiles 
indicated that this orientation is determined at the 
time of attachment of a eyprid by the position that it 
assumes in relation to the direction of incident light, 
and that orientation does not alter, at least not 
usually, during subsequent growth stages. This con- 
clusion is not in accord with those of other investiga- 
tors, but it is supported by the following observations. 
On many occasions tiles that had been submerged for 
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one week were taken to the laboratory and examined 
in a shallow dish of water under a binocular micro- 
scope. Such tiles nearly always carried a large num- 
ber of young B. eburneus. Most of these, though still 
minute, had already assumed the adult form. Many 
were still in the form of ecyprid larvae and, though 
firmly attached to the tile by the antennal secretion, 
had not yet completed their metamorphosis. It was 
found that the anterior ends of such eyprids (clearly 
marked by a pair of pigmented eye spots) were in- 
variably directed toward the end of the tile that had 
been uppermost on the pile. On the other hand, indi- 
viduals that had completed their metamorphosis were 
invariably oriented so that their eye spots were di- 
rected toward the lower end of the tile. This situation 
suggested that a complete reversal of orientation takes 
place during metamorphosis. However, Darwin 
(1851), correctly described the changes that oceur at 
metamorphosis in the following words: 


The larva fixes itself with its sternal surface parallei 
and close to the surface of attachment, and the antennae 
becomes cemented to it; if the cirripede after its meta- 
morphosis had remained in this position, the cirri could 
not have been exserted, or only against the surface of at- 
tachment; but there is a special provision that the young 
ecirripede shall immediately assume its proper position at 
right angles to the position which it held whilst within the 
larva, namely with its posterior end upwards. This is 
effected in a singular manner by the exuviation of the 
great compound eyes, which we have seen are fastened to 
the outer arms of the double UU-like, sternal apodemes; 
these together with the eyes stretch transversely across, 
and internally far up into the body of the larva; and, as 
the whole has to be rejected or moulted, the membrane 
of the peduncle of the young cirripede has necessarily to 
be formed with a wide and deep inward fold, extending 
transversely across it; this when stretched open, after 
the exuviation of the larval carapace and apodemes, nec- 
essarily cause the sternal side of the peduncle to be 
longer than the dorsal, and, as a consequence, gives to 
the young cirripede its normal position, at right angles 
to that of the larva when first attached. 


In short, the cyprid turns a half forward somersault 
during metamorphosis. In the passage just quoted, 
Darwin had reference to the lepadid, or stalked, bar- 
nacles. It appears that in Balanidae a turn of more 
than ninety degrees is accomplished, for the eyes of 
the metamorphosed barnacle lie not in the center of 
the basal dise, but close to the ecarinal extremity of 
the rostro-earinal axis. 

Cyprids that settle upon vertical surfaces illumi- 
nated from above are almost invariably oriented with 
their anterior ends uppermost, that is, facing the 
source of illumination. That they are responding to 
light in assuming this position and not to gravity or 
water eurrents is shown by the following observation. 
All six chambers of the Light Box (deseribed on page 
329) were illuminated from below by diffused light. 
The first five chambers were, however, more strongly 
illuminated from above through apertures of various 
sizes in the metal stencil laid over the glass cover. 
On the inner walls of these five chambers a majority 
of ecyprids (88.1 pereent) settled in the typieal posi- 
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tion, heading upward into the light. The sixth cham- 
ber was illuminated only from below. Cyprids that 
settled on its inner walls were almost invariably (94.5 
pereent) oriented head downward. After metamor- 
phosis their carinal extremeties were uppermost and 
feeding movements of the cirri consisted of upward 
sweeps through the water. Reversed orientation of 
eyprids and young barnacles in the sixth chamber 
could only have been due to the fact that this chamber 
was illuminated most strongly from below, the other 
five from above. 

During the experiment described on page 349, in 
which black and white tiles were examined at eight- 
hour intervals for three days, records were kept of 
the exact orientation of 404 eyprids and young barna- 
cles. The results show that orientation to light is uni- 
form only under strong illumination. For example, 
162 eyprids that settled on unshaded tiles were all 
headed upward, toward the light. Of 225 that settled 
on shaded tiles six (2.7 percent) were headed down- 
ward. Of 17 eyprids that settled at night six (35.3 
percent) were headed downward. 

As previously remarked, the above findings are not 
in accord with those of most other investigators. 
Visscher (1928), for example, tested the reactions to 
light of cyprids of B. improvisus and Chthamalus 
fragilis. He placed about forty eyprids in small glass 
vessels that were illuminated from one side only and 
found that “attachment occurred almost without ex- 
ception on the side of the dish away from the source 
of light,” and that “many of the young barnacles 
were definitely oriented with their anterior ends (con- 
taining their eyes) decidedly away from the light side 
of the dish.” In a second series of experiments “this 
feature is even more clearly seen.” The writer has 
observed many hundred specimens of these two 
species and of B. eburneus upon experimental piles. 
In almost every instance adults were headed away 
from the source of light, cyprids toward it. If, as is not 
disputed, cyprids are negatively phototropie during 
the period immediately preceding attachment, one 
would expect to find them still heading away from the 
light when they become attached. Such, however, is 
not the case under natural conditions. Possibly Viss- 
cher’s eyprids were not reacting normally. 

Hiro (1939) found that a majority of the barnacles 
studied by him were, like barnacles observed by the 
writer, oriented with reference to light and, on verti- 
cal surfaces, had their carinal extremities uppermost. 
On plates submerged in Tanabe Bay, Japan, for ex- 
ample, members of the species Balanus amphitrite 
communis “all showed a uniform orientation, the 
earinal end above and the rostral end down.” At the 
Madarai pier in Koroéru Island, Palao, “such regular- 
ity in orientation is common to all the three species of 
Tetraclita.” These species were 7. squamosa viridis, 
T. vitiata, and T. coerulescens. Hiro seems inelined to 
believe that barnacles in certain situations may orient 
themselves with reference to water currents rather 
than to light, but he presents little evidence in support 
of this view. 

Moore (1933, 19245) has shown good reason to be- 
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lieve that eyprids of B. balanoides and B. improvisus 
orient themselves with reference to the prevailing 
water current, that they attach with their long axes 
in line with the current, their heads up stream. He 
believes also that the metamorphosed barnacle gradu- 
ally rotates on its basis through an angle of 90 degrees 
until its long axis lies at right angles to the prevailing 
current. Moore (1935) compared the angular devia- 
tion from the direction of the current of 198 young 
barnacles (B. balanoides) with that of 204 individuals 
that were several years old. Results indicated that 
most young barnacles were oriented with the current, 
most old individuals across it. Moore (1933) observed 
the growth of barnacles (B. improvisus) in the outlet 
of a salt-water tank in which the current was inter- 
mittent but of constant direction. He found that 
young individuals were for the most part aligned with 
the current, their cirri sweeping downstream, while 
old barnacles were oriented across the current. Curved 
radial pores in the bases of the latter suggested that 
they had rotated through an angle of about 90 degrees 
while growing. Individuals growing in still water had 
straight basal pores. Moore’s conclusions may be 
briefly summarized as follows: A eyprid normally 
settles with its long axis in line with the current, its 
anterior end upstream. At metamorphosis its posi- 
tion is reversed so that the cirri sweep downstream. 
This is the least favorable position for the capture of 
food particles by the cirral net and the barnacle is 
apparently stimulated to turn on its basis until it is 
able, by twisting within its shell, to sweep directly up- 
stream. This it does by a slow process of growth, 
turning through an angle of 90 degrees. In the posi- 
tion thus assumed it is able to sweep into the current 
even when, as is commonly the ease in tidal channels, 
the current is intermittently reversed in direction, for, 
by twisting within its shell, a barnacle can sweep to 
either side, covering an angle of 180 degrees. 

Dr. Moore’s conelusions seem well founded. How- 
ever, it is suggested that light is also a factor in the 
orientation of barnacles and may be the principal or 
sole factor in the absence of strong currents. Large 
barnacles upon piles at Beaufort are oriented with 
their long axes vertical, that is, across the current. 
But if, according to Moore’s hypothesis, they attain 
this position by turning through a right angle, about 
equal numbers would be expected to face upward and 
downward. In fact, practically all face downward. 
Moreover, as already stated, even minute individuals 
are thus oriented, before they have had time to turn 
by the slow process of growth. 

Finally, an experiment may be described which 
shows, first, that orientation of B. eburneus eyprids 
to light is performed with great precision and second, 
that currents prevailing at Beaufort do not affect the 
orientation either of cyprids or of metamorphosed 
barnaeles. The Gravity Box (described on page 328) 
consisted of a tubular wooden box open at both ends. 
It floated just below the surface and was anchored 
at one end so that it swung constantly downstream 
from an anchor; water passed through it in one di- 
rection only. Light could enter the box only from the 
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open ends and direct sunlight was excluded by two 
metal shades. On July 12, 1941, three tiles were at- 
tached to this box in the position shown in Figure 16. 
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Fig. 16. Orientation of Balanus eburneus eyprids on 
tiles attached to the Gravity Box. July and August, 
1941. The long axes of representative cyprids are indi- 
cated by short lines. An enlargement indicates the 
anterior end of each. 


Numbers 1 and 2 were inside the box, near the open 
ends. Number 3 was attached to the outside. Bar- 
nacles that grew upon all three tiles were exposed to 
currents of the same force and direction (from left 
to right in Figure 16), but light struck them from 
different directions. Number 3 was illuminated by 
direct sunlight, as shown by arrows in the figure. 
Numbers 1 and 2 were illuminated from opposite 
directions by light entering the open ends of the box. 
Examination on July 30 showed the presence of 1,274 
cyprids and young metamorphosed barnacles on these 
three tiles. Almost without exception, eyprids were 
oriented with their heads toward the light, as shown 
in the figure. Metamorphosed barnacles were, of 
course, oriented in precisely the opposite manner. 
It is to be noted that ecyprids attached to tiles 
inside the box were pointed, not merely toward the 
nearest open end, but to a point at the center of this 
opening representing the source of maximum illumina- 
tion. Cyprids on the outside tile were pointed not 
merely upward, but also slightly to the south, their 
long axes in line with the sun’s rays. There was no 
indication that the current had had any influence 
upon orientation of these eyprids. 

An experiment was next performed to determine 
whether a change in direction either of incident light 
or of current would be followed by a change in the 
orientation of these barnacles. After examination on 
July 30 each tile was returned to its place but in an 
inverted position, so that the direction of both light 
and current that struck the barnacles was exactly 
reversed. The tiles were once more examined on 
August 27. At this time 159 individuals were still 
alive, the largest of which measured 19 mm. in length. 
There was no indication that any of them had changed 
position since it first became attached. 

The conclusion seems inescapable that eyprids of 
B. eburneus at Beaufort orient themselves with ref- 
erence to light only, that their orientation is exactly 
reversed at metamorphosis, but that it does not sub- 
sequently change in response either to light or to 
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current. The same is apparently true also of other 
species of barnacles examined at Beaufort. 

Probably tidal currents at the Duke University pier 
seldom exceed a rate of one knot. The colonies of 
B. balanoides examined by Moore (1935) “were ex- 
posed to a steady tidal current of about two knots.” 
Possibly barnacles react only to currents that exceed 
a certain minimum rate of flow. A typical eyprid is 
elongated and laterally compressed; the antenules, by 
the tips of which it first becomes attached, extend be- 
yond the anterior end of its body. It seems probable 
that if attachment occurs in the presence of a strong 
current the body of the cyprid must swing down- 
stream from the antennal anchor, assuming the orien- 
tation in relation to current postulated by Moore. On 
the other hand, if attachment occurs in still water, or 
in the presence of a weak current, such as prevails at 
the Duke University pier at Beaufort, primary orien- 
tation of the cyprid to light will not be disturbed. A 
similar suggestion was stated by Hiro (1939) in the 
following words: “All through this process [metamor- 
phosis] the body is hanging to the surface of the 
substratum only by means of antennae which are ex- 
tended fully. Therefore it may be conceived that the 
direction of flow of the current plays an important 
réle to the orientation of the barnacles which grow in 
the place like the waterway, and also that different 
intensity of light gives an influence to their orienta- 
tion, though probably to a smaller extent.” As for 
subsequent rotation of the growing barnacle upon its 
basis, Moore suggests that this oceurs in response to 
a current striking the back of the cirral net. Absence 
of such rotation at the Duke University pier may 
indicate that the current there is not sufficiently swift 
to elicit such a response. The reactions of eyprids 
and growing barnacles to currents of different veloci- 
ties is a subject that requires further investigation. 


Chthamalus fragilis Darwin 


Setting of Chthamalus fragilis upon experimental 
tiles in 1941 (Fig. 17) began about three months later 
and ceased about a month earlier than setting of B. 
eburneus. However, the period of maximum setting, 
with a peak in the first week of July, was very similar 
for the two species. Setting curves for the two species 
are similar also in exhibiting a second peak, that for 
B. eburneus in September, that for Chthamalus in Au- 
gust. It has already been suggested that this seeond 
peak may have been caused by the breeding of indi- 
viduals that settled earlier in the same season. If 
this is the correct explanation it would appear that 
Chthamalus matures even more rapidly than B. 
eburneus. 

Mortality. As Chthamalus is confined to the inter- 
tidal region it is less subject than B. eburneus 
to attack by aquatic predators. For the same rea- 
son it is seldom prevented from settling, or smooth- 
ered after attachment, by growths of hydroids, 
sponges, bryozoans, and other organisms that are 
almost wholly confined to levels not exposed to air at 
low tide. A species, like Chthamalus, that thrives in 
the upper intertidal region must be well adapted to 
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Fig. 17. Number of Chthamalus fragilis larvae that 
settled per tile (3 by 6 inches) per week. May to No- 
vember, 1941. 


withstand the adverse conditions associated with this 
habitat, such as long periods of inactivity and desic- 
cation and sudden changes of temperature. There are 
indications, however, that such adaptation is far from 
perfect. To a much greater extent than B. eburneus, 
Chthamalus eyprids tended to enter the crevices be- 
tween experimental tiles and the piles to which these 
were attached. They often settled and metamorphosed 
upon the backs of tiles. Although ecyprids that settled 
thus did not grow as rapidly as others that settled 
on exposed surfaces, it soon became apparent that 
they were more likely to survive. In July and August 
there was a heavy mortality among Chthamalus pop- 
ulations, just as there was in those of B. eburneus. 
Both large and small individuals died off in great 
numbers. However, populations on the backs of tiles 
were hardly affected; their members continued to 
flourish although, as previously remarked, their 
growth was slow. It was also noticed that Chthamalus 
populations on the piles were denser and extended to 
a higher level upon shaded surfaces. Apparently 
daylight, or some factor correlated with intensity of 
daylight, is harmful to Chthamalus. A similar con- 
clusion was reached in respect to B. eburneus (p. 
350). In that ease desiccation could not have been the 
chief factor concerned, as mortality in proportion to 
amount of daylight was observed upon tiles that were 
continuously submerged. In the ease of Chthamalus, 
which inhabits intertidal regions, it is reasonable to 
suppose that lower mortality on shaded surfaces is 
due to the fact that such surfaces are in general less 
rapidly and completely desiccated during periods of 
low water. It remains possible, however, that day- 
light itself is harmful to members of this species. 
Klugh & Newcombe (1935) have reported that 
another species of intertidal barnacle, Balanus bala- 
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noids, grows much more rapidly on shaded than on 
brightly illuminated surfaces. 

Vertical Distribution. On piles of the Duke Univer- 
sity pier Chthamalus oceurs between 6 inches and 40 
inches above mean low water mark and is decidedly 
most abundant in the upper part of its range, be- 
tween 24 and 34 inches. This distribution probably 
results from the operation of two sets of factors. One 
of these determines the level at which attachment of 
larvae occurs, the other operates by destroying indi- 
viduals that have settled in the lower intertidal region. 

On experimental piles no Chthamalus eyprids at- 
tached themselves more than six inches below mean 
low water. This phenomenon was apparently due to 
the fact that Chthamalus eyprids congregate in or 
near the surface film at the time of attachment, as 
shown by the following observation. The Floating 
Pile moved vertically up and down with the tide, so 
that the uppermost pair of blocks upon it ( one wood, 
the other tile) were continuously situated just below 
the water surface. Setting of Chthamalus on this pile 
was confined to these two blocks and was heaviest 
near their upper edges; that is, about one inch below 
the surface. On June 13, for example, the uppermost 
tile carried 559 Chthamalus, 500 of which were in the 
upper half of the tile. On the same date the upper- 
most wood block carried 205 Chthamalus, all of which 
were in the upper half, most of them in the upper 
quarter. Evidently Chthamalus ecyprids are concen- 
trated in or near the surface film at the time of at- 
tachment. The fact that they settle at all levels in 
the intertidal region results from progression of the 
water surface over these levels with rise and fall of 
the tides. In view of Visscher’s (1928) observation 
that eyprids of Chthamalus, like those of other species 
of barnacles, move away from a source of light just 
prior to the time of attachment, it is surprising to 
find them concentrating near the surface at this time. 
Perhaps an explanation is to be found in another of 
Visscher’s observations: that cyprids “are aided dur- 
ing their pelagic life by the fact that they possess 
great globules of a fatty substance in the anterior 
portion of their bodies. During much of this 
period this mass of liquid substance seems to act as a 
buoy holding the larvae near the surface film. But as 
the free-swimming period draws to a close this sub- 
stance disappears. It seems probable accordingly that 
the length of the free-swimming period is dependent 
upon the amount of this substance originally stored 
and its rate of disappearance.” According to the 
present writer’s observation, lipoid droplets in ey- 
prids of B. eburneus do disappear before attachment 
oceurs, but those in eyprids of Chthamalus do not. 
Possibly persistence of these globules in the latter 
accounts for their tendency to remain near the sur- 
face. If this is so, the tendency of mature Chthamalus 
cyprids to move away from a source of light must be 
partly counteracted by the continued buoyaney of 
their bodies. 

The buoyancy of Chthamalus cyprids probably ac- 
counts for the limitation of this species to intertidal 
levels on the piles. The fact that long-established 
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populations are heaviest in the upper intertidal region 
requires another explanation. In the weeks between 
May 30 and July 8 it was found that, upon clean tiles, 
most Chthamalus eyprids settled in the lower inter- 
tidal region, about 43 percent of them within six 
inches of mean low water mark. In the weeks between 
July 8 and November 8, however, about 75 percent of 
them settled in the upper half of the intertidal region. 

Table 12 shows the percentage of young Chthamalus 

TABLE 12. Percentage of Chthamalus fragilis that set- 


tled at different levels on Pile No. 5 in the two periods 
May 30 to July 8, 1941 and July 8 to Nov. 8, 1941. 





Tile | Height in | May 30 to July 8 to 
Number | inches July 8 November 8 

. . SS earn 32-38 3.8 4.4 
Mean high 

_ AR 24-30 16.9 35.0 

95... 16-22 12.1 35.5 

96. . 8-14 23.2 16.8 

97. 0- 6 43.3 8.5 
Mean low 

that settled at different levels in the two periods. 


Sinee, in actual numbers, about five times as many 
individuals settled during the first of these periods 
as in the second, it might be expected that the climax 
population would show a distribution like that of the 
first period. However, mortality was high in July and 
August and it may be that barnacles that settled dur- 
ing the second period contributed a larger proportion 
of their numbers to the adult population. It may be 
seen from Table 12 that, although settlement of 
Chthamalus was at first heaviest on Tile 97, just 
above low tide mark, it was also heavier on Tile 94, 
just below high tide mark, than on the next lower tile, 
No. 95. A similar distribution occurred on Pile No. 
2, as shown in Table 13. This phenomenon suggests 
that settlement is heavier during periods of high and 
low water than at intermediate stages of the tide. It 
may merely be due to the fact that the surface of 
the water, in and near which eyprids are congregated, 
is situated at high and low water marks for a longer 
total period of time than at intermediate levels. A 
preponderance of settlement near high tide mark pro- 
duced in this way is probably a factor contributing to 
the high-level distribution of old Chthamalus popula- 
tions. No explanation can be advanced by the writer 
for the greater amount of setting near low tide mark 
prior to July 8. 

The vertical distribution of Chthamalus discussed 
in previous paragraphs was that which occurred upon 
tiles of Pile No. 5. These tiles were scrubbed clean 
and reset each week. Comparison with the distribu- 
ton found on Pile No. 2 shows a very significant 
difference (Table 13). It will be observed that the 
tiles of Pile No. 2, which had been in position con- 
tinuously for 18 weeks, earried far fewer Chthamalus 
than corresponding tiles of Pile No. 5, which had 
been submerged for only one week. This difference is 
probably attributable to fouling of the long-sub- 
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TABLE 13. Number and percentage of Chthamalus 
fragilis at different levels upon Pile No. 2 (submerged 
since February 23) and Pile No. 5 (submerged since July 
1). July 8, 1941. 





Height in inches Pile 2 Pile 5 

ro SEG en ee 707 116 
33.0% 2.2% 

Mean high water 

PI 2. Soc 582 915 
27.2% 12.2% 

| oe eee oar ee 332 749 
15.5% 10.0% 

Sn a UN pare 500 1923 
23.4% 25.6% 

Re ent ek se oo 16 3744 

0.8% 49 .9° 


Mean low water 
~~ 





merged tiles by an accumulation of mieroseopie plants 
and animals and sediment. Such fouling was plainly 
visible to the naked eye by July 8. Moreover, it was 
heaviest on tiles near low water mark and decreased 
toward higher levels. If, as seems probable, Chtha- 
malus eyprids find difficulty in attaching to fouled 
surfaces, the vertical gradation of fouling on Pile No. 
2 was responsible for the inverse gradation in num- 
bers of Chthamalus. On Pile No. 5, on the other 
hand, the tiles had recently been cleaned and all were 
equally suitable for attachment. On it distribution 
was determined by other causes. 

In addition to the reasons already advanced for the 
preponderance of Chthamalus in the upper intertidal 
region, there is evidence that mortality in this species 
is heavier at low than at high levels. Table 14, for ex- 

TABLE 14. Reduction in populations of Chthamalus 


fragilis on Pile No. 2 between July 8 and September 27, 
1941. 





Height in July September |September | Reduced 
inches | 8 10 27 by 
40-46. 28 So%4 5 84.8% 
a 707 30 24 96.7% 
Mean high } 
24-30....... 582 73 33 94.6% 
16-22. es 332 22 19 94.3%, 
eee 500 5 5 99.0% 
| 2 eee 100.0% 


ON Tie ane 
Mean low | } 


ample, shows the reductions that occurred in popula- 
tions of Chthamalus on Pile No. 2 between July 8 and 
September 27. Very little setting occurred on the 
tiles on this pile between the two dates, although some 
setting occurred later, in October. The fourth column 
of Table 14 shows the percentage by which each popu- 
lation present on July 8 had been reduced by Sep- 
tember 27. 

It will be observed that reduction was greatest on 
the two lower tiles, least on the uppermost tile. The 
reason for the greater loss from lower tiles was not 
determined. Presumably barnacles s tuated there 
were exposed to attack by aquatic predators for 
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longer periods. It may be that they were adversely 
affected by the greater amount of fouling at that level, 
but probably not, as they grew more rapidly than 
individuals situated higher up. Whatever the cause, 
it evidently contributed to the observed preponder- 
ance of adult Chthamalus at higher levels on the piles. 
Growth. The longest diameter of the base of a newly 
settled individual of Chthamalus fragilis measured ap- 
proximately 0.3 mm. and some individuals that settled 
in June, 1941, had already attained the maximum 
length of 10 mm. by the end of the year. Growth was 
most rapid in August and very slow in winter months; 
it usually ceased altogether after October. There was 
a noticeable difference in rate of growth at different 
levels on the piles. For example, the average size 
after one week’s growth of individuals upon different 
tiles of Pile No. 5 was as shown in the following 
tabulation, in which height of each tile above mean 
low water is shown in inches: 
32-38 ins. 24-30ins. 16-22 ins. 
0.42mm. 0.68mm. 0.90 mm. 


8-14ins. 0-6 ins. 
1.00 mm. 1.66 mm. 


That growth is most rapid at low levels is probably 
due to the fact that barnacles situated there are cov- 
ered by water, and are therefore able to feed for 
longer periods of time. In this respect at least the 
lower intertidal region is the most favorable part of 
the Chthamalus range, but its advantages are pre- 
sumably outweighed by other factors, such as those 
previously mentioned. Prolonged operation of all fae- 
tors concerned results in the concentration of old 
Chthamalus populations in a band extending from 24 
to 34 inches above mean low water, with fewer and 
smaller individuals above and below it. 


Balanus amphitrite niveus Darwin 

This species of barnacle is abundant at Beaufort, 
though less so than B. eburneus or Chthamalus. It is 
readily distinguished from the former by the presence 
of two to seven longitudinal purple lines upon each 
compartment of the shell. Darwin (1854) listed nine 
varieties of Balanus amphitrite from various parts 
of the world. Pilsbry (1916) included only three of 
these in his list of American barnacles, only one of 
which, B. amphitrite niveus, is said to oceur on the 
east coast of North America. Even in this one variety 
there is much variation, especially in color, and Pils- 
bry remarks that “there may possibly be more than 
one race in the Atlantie coast series I have grouped 
under B. amphitrite niveus, or two or three races may 
be mingled in a hybrid population.” Darwin deseribed 
the color of the variety niveus as “white, with longi- 
tudinal hyaline lines.” Pilsbry noted that “in most 
of the Florida colonies there are a few individuals 
with lavender or violaceous tinted parieties or with 
lines lavender or plumbeus rather than gray; but 
these colors do not appear in the lots from north of 
Delaware.” In the writer’s experience distinct laven- 
der or purple lines are present upon all individuals 
of this variety at Beaufort. In this respect they re- 
semble Darwin’s variety communis, which is common 
in the Philippine Islands. 
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In 1941 setting of B. amphitrite on the tiles was 
first observed on July 2 and little barnacles became 
abundant in the week of July 21-28. Only occasional 
individuals appeared during August and succeeding 
months, but setting did not cease entirely until the 
end of December. 

Pilsbry (1916) describes the bathymetric range of 
B. amphitrite as low water to thirty fathoms. On piles 
at Beaufort, however, large individuals were seldom 
found below low water mark; the majority of them 
occurred between tides. Some of the factors that de- 
termine this distribution are similar to those that 
determine the vertical distribution of Chthamalus. 
Cyprids of B. amphitrite settled at all.levels, from the 
bottom of Beaufort Channel to four inches above high 
tide mark, but, on clean tiles, in much greater abun- 
dance in a band extending for eighteen inches below 
low water. On Pile No. 2, which had become econ- 
siderably fouled by July, setting of B. amphitrite was 
almost confined to the intertidal region, perhaps be- 
cause the more heavily fouled tiles below low water 
did not afford a suitable surface for attachment. As 
shown in Table 15, no individual that settled less than 





























water 


TABLE 15. Numbers of Balanus amphitrite niveus on 
Pile No. 2 between July 10, 1941 and January 19, 1942. 
Height in July Aug. | Sept. | Oct. Nov. | Dec. lian. 
inches 10 | 29 | 13 | 28 | 10) 27| 12; 25| 8 | 21| 7 | 27] 19 
Sn ee a a a a a ee a a Se See 
ae isa 
32-38... ...10;0}o]o olololoj4ai4ai3i]2] 3 
Mean high wee eee | ae et 
water | | | | | 
re aay 24] ee ky Ge Se 
24-30 --|0}0/0/0]0|2| 4] 7 11 [14 [18 [18 | 22 
16-22..........| 0 | 5 | 6 [14 |15 j21 |24 |26 [17 |18 [20 |24 | 21 
8-14..........)0] 1] 5/13 [13 22|}5/1/0])/0/0/0] 0 
O- 6..........,2]5]9 10 12|/4/0/0/0/0/0/0| o 
Mean low | (hs Ge vane ee eee eee 
| | | o> iS oe ee 





14 inches above low tide mark survived beyond Octo- 
ber 25, while some that settled between 15 and 36 
inches above that level were still alive in January, 
1942. As in the case of Chthamalus, there was some 
tendency for setting to occur at higher levels in winter 
than in summer months. As a combined result of 
several factors, old populations of B. amphitrite at 
Beaufort are located principally in the upper inter- 
tidal region, but oceasional individuals of large size 
may be found growing at any level on the piles. 

Pilsbry (1916) gives the size of an adult of B. 
amphitrite as 10 to 12 mm. in diameter and states that 
specimens more than 10 mm. in diameter are rare 
north of Cape Hatteras. Some individuals that settled 
on tiles at Beaufort in July measured 12 mm. in 
longest diameter by the end of August and 20 mm. by 
the end of December. Pilsbry’s figures probably refer 
to the shortest, or transverse diameter of the base of 
his specimens, but there is not a difference of more 
than 2 mm. in the transverse and longitudinal diame- 
ters of the base in this species. 


Balanus improvisus Darwin 


On the western shore of the Atlantic Balanus im- 
provisus ranges from Nova Scotia to Patagonia. At 
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Beaufort in 1941 no single specimen of this species 
was observed until December, when setting of the 
larvae began (Fig. 18). Visscher & Luce (1928) state 
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Fic. 18. Number of Balanus improvisus larvae that 


settled per tile (3 by 6 inches) per week. December, 1941 
to February, 1942. 


that in 1925 they obtained an abundance of B. im- 
provisus larvae during June and July. Cyprids ob- 
tained by them were of two distinet types, differing in 
size. The smaller type they showed to be cyprids of 
Chthamalus fragilis; the larger type was made up of 
two groups; “these groups could only be distinguished 
by the presence of certain granules in the carapace. 
One of these was determined by subsequent metamor- 
phosis to be Balanus improvisus, and the second was 
the cyprid of B. amphitrite.” They state further that 
“Balanus improvisus and B. amphitrite are known to 
breed most abundantly at Beaufort during June and 
July, and large numbers of their nauplii and eyprids 
are to be found at that time. . .. Balanus eburneus is 
abundant at Beaufort, but as far as is known, no 
eyprids of this species were used in the experiments.” 
In 1941, eyprids of B. eburneus were setting in enor- 
mous numbers during June and July, but no larvae 
of B. improvisus appeared until December. Either 
the breeding periods of both these species have 
changed radically since 1925, or Visscher & Luce mis- 
took evprids of B. eburneus for those of B. im- 
provisus. Darwin himself (Darwin 1854) remarked 
that young individuals of these two species are not 
easily distinguished. In the first week of December, 
1941, spat of both kinds appeared side by side on 
many tiles and after some experience the writer found 
little diffieulty in telling them apart. The shell of a 
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B. improvisus spat is whiter and more flattened than 
that of B. eburneus. The opereular orifice is wider in 
B. improvisus and distinetly diamond shaped, its edges 
smooth rather than toothed. Alae are wider, but radii 
are narrower, and the summits of the latter are 
smooth and slope steeply toward the basis. Old indi- 
viduals of the two species are similar in color, but ean 
still be distinguished by the other characteristics men- 
tioned. The maximum diameter of an adult of B. im- 
provisus is about 13 mm., while that of an adult B. 
eburneus is about twice as great. 

Because of the rationing of automobile tires the 
writer made only two visits to Beaufort in January 
and February, 1942. Spat counted on the tiles at 
these times represented only the survivors of those 
that had*settled since the previous visit. Probably 
many had died and sloughed off, so that the numbers 
on which Figure 18 is based represent an unknown 
fraction of the numbers that actually settled. By 
January 18 a few individuals had already attained a 
diameter (length) of 13 mm. 

Vertical distribution of B. improvisus, as shown in 
Table 16, differed markedly from that of other species 


TABLE 16. Numbers of Balanus improvisus that settled 
on tiles of Pile No. 5 at different depths below low water 
mark. December 1, 1941, to February 14, 1942. 





2-4 4-6 6-8 


1,272 | 3,399 | 6,490 | 8,279 





of barnacles at Beaufort. Heaviest setting of larvae 
occurred on a tile 18 inches from the bottom of Beau- 
fort Channel. However, when counts were made the 
remains of many dead individuals were observed on 
the bottom tile. It is probable that setting was 
heaviest near the bottom, but that some factor operat- 
ing within 18 inches of the mud line caused the death 
of many spat. At higher levels numbers were pro- 
gressively smaller and no spat developed above low 
water mark. 

Until further observations shall have been made the 
writer’s failure to find any B. improvisus during the 
summer of 1941 cannot be explained. The fact that 
larvae settled in large numbers during December 
shows that adults were present in the region at that 
time and had, presumably, been present throughout 
the summer. Possibly they were limited to a low level, 
where they could not be reached by the long-handled 
net used for scraping piles. 

The winter breeding period suggests the possibility 
that this species was in reality Balanus crenatus 
Bruguiére, a primarily arctie species, some races of 
which closely resemble B. improvisus and range as 
far south as Jamaiea (Darwin 1854). However, the 
smoothness of the whole shell, the smooth and rounded 
edges of the radii, and certain internal characteristies 
of Beaufort specimens appear to exelude this pos- 
sibility. 
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TUNICATA 


Tunicates are common upon piles in the Beaufort 
region at all seasons of the year. The following 
species were observed during 1941-1942: Styela plicata 
(Lesueur), Perophora viridis Verrill, Molgula man- 
hattensis (De Kay), Didemnum lutarium Van Name, 
and Phallusia hygomiana Trausdet. 

Very young individuals of Styela, Mcigula, and 
Perophora are not easily distinguished from one 
another without some little experience and were un- 
doubtedly confused by the writer in the spring of 
1941. Accordingly, much of the data accumulated at 
that time are of doubtful value and are not here pre- 
sented. 

Styela plicata (Lesueur) 


Two species of Styela are said to occur at Beaufort, 
Styela partita (Stimpson) and Styela plicata (Le- 
sueur). Only the latter has been recognized by the 
author of this paper, but as the two species are super- 
ficially similar in appearance the presence of the 
former may have been overlooked. S. partita is small, 
“specimens from southern localities . . . rarely exceed- 
ing 20 mm. in length.” Its gonads are two in number 
on each side. On the American coast it ranges from 
Massachusetts Bay to the West Indies. S. plicata is 
larger, “a number of the largest specimens measured 
ranged from 45 to 72 mm. long.” Its gonads are two 
in number on the left side, from four to seven on the 
right. On the American coast it ranges from Beau- 
fort to Montevideo. The foregoing data are taken 
from Van Name (1921). On the basis of size, and of 
the gonads of the considerable number of specimens 
that were dissected at various times, it can be said 
with some confidence that Styela plicata predominates 
at Beaufort and the following discussion applies to 
that species. 

In March and April clusters of large Styela were 
common on piles in all parts of the harbor, especially 
at a level just below low tide mark. The largest indi- 
viduals measured 100 mm. in length, but minute speci- 
mens of 3 to 5 mm. were also abundant, many of them 
attached to stems of Bugula and Tubularia. Gonads 
of large specimens examined on March 8 and April 
27 contained motile sperm and eggs that appeared to 
be mature, yet there was no setting of larvae upon 
experimental tiles between February 23 and May 10. 
Between May 10 and June 23 larvae settled on the 
tiles in abundanee, but after the latter date no further 
settling oceurred until the following December. This 
is remarkable in view of the fact that motile sperm 
and apparently ripe eggs were found in gonads 
throughout the summer, and that on August 1 de- 
velopment of eggs to the tadpole stage was induced 
by artificial fertilization in the laboratory. 

The spawning period in May and June resulted in 
a vast increase of the Styela population. Yet almost 
immediately afterward numbers began to decrease; 
very rapidly at first, more gradually throughout the 
summer. As shown in Table 17, a very small propor- 
tion of the population survived until December, when 
setting recommenced. A large part of this rapid de- 





KENNETH DovuGaL McDouGALu 


Ecological Monographs 
Vol. 13, No. 3 
TABLE 17. Numbers of Styela plicata growing upon 
the Floating Plank (16 tiles) and Pile No. 2 (15 tiles). 
May, 1941 to February, 1942. 





Pile No. 2 Floating Plank 





May Me er tucek | 0 8 
June Fee | 240 83 
_ Ee heer aes 214 
July __ See 30 119 
PILE 17 23 
August EN Np | 14 15 
eae 9 13 
September 10........... 9 11 
_ Sears 10 10 
i ee. - Se ee ae 6 7 
Na eae: 3 6 
November 8........... 4 5 
eee eer: 2 3 
December -7...5.2..5.; 20 1] 
PI Bice 105 no data 
Ts Gee. DS aes ee 146 no data 
Postunry 98 sd 244 no data 





cline was due to the fact that for satisfactory de- 
velopment Styela requires a firm basis of attachment. 
Large numbers of the larvae attached themselves to 
stems of Bugula and Tubularia, which occupied much 
of the available pile surface, and when these growths 
died down, or were sloughed off in June and July the 
young Styela were carried away with them. Further 
loss resulted from the tendency of Styela to grow in 
large clusters. The weight of these, and their increas- 
ing resistance to tidal currents as they grew, fre- 
quently resulted in their being torn off and carried 
away. One such cluster was observed on August 1 as 
it was about to be torn loose from the pile on which 
it had developed. It was composed of 105 Styela, 24 
Phallusia, numerous Perophora, Bugula, oysters, bar- 
nacles, and mussels, and was inhabited by shrimps, 
crabs, blennies, and innumerable minute crustaceans. 
The whole mass measured 24 by 12 inches and 
weighed approximately ten pounds. 

Decrease in the Styela population was not entirely 
due to sloughing. Many individuals that appeared to 
be firmly established in suitable locations nevertheless 
died before reaching maturity. For example, on July 
9, sixteen tiles on the Floating Plank supported 125 
Styela, six of which were dead. Twenty days later a 
count showed 32 Styela, nine of which were dead. On 
August 12 there were 15 live individuals remaining. 
Few deaths of this type were observed after mid- 
August. The internal organs first decay, leaving the 
most resistant tunie attached to the tile; finally the 
tunic also deeays and is sloughed off. Many deaths of 
similar type occurred also in the population of Phal- 
lusia hygomiana at this period. Their cause is obscure 
and it would be interesting to know whether a specific 
miecro-organism is concerned. 

Although no less than five sets of tiles were exposed 
at the Duke University pier throughout May and 
June, the exact date of the spring setting period of 
Styela larvae was not determined. It is certain, how- 
ever, that no setting occurred on these tiles before 
May 10 or after June 23. Table 17 indicates the num- 
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ber of Styela growing upon the tiles of Pile No. 2 and 
the Floating Plank. Why the heaviest set should have 
oceurred between May 25 and June 10 on the former 
and between June 9 and June 23 on the latter is not 
clear. A second breeding period began in December, 
but no further setting occurred during the summer 
and fall, although, as already noted, ripe eggs and 
sperm were present in the gonads of many individuals 
during these seasons. Moreover, apparently ripe germ 
cells were present in March and April, before the 
spring setting. It is not known whether fertilization 
and production of larvae oceurs naturally in these 
seasons, but certainly the larvae, if such are formed, 
do not successfully attach themselves and metamor- 
phose. 

A word may be added as to the vertical distribution 
of Styela upon the piles. The upper limit for the 
species is at low tide mark. In early summer large 
clusters may often be seen just below this point, where 
they may be exposed to the air during exceptionally 
low tides. However, on all three of the experimental 
piles submerged during May and June setting was 
sparse within thrée feet of low tide mark and heaviest 
within three or four feet of the bottom. The latter 
distribution is what one would expect in view of the 
well-known negative phototropism of tunicate larvae 
just before they become attached. Conceivably the 
clusters so common near low tide mark result from 
the larvae becoming entangled there while they are 
still near the surface, during the positively photo- 
tropic phase, so being detained until they are ready 
to undergo metamorphosis. Any that settle in the 
intertidal region are presumably killed by exposure 
to air at low tide. Grave & MeCosh (1923) found 
that a considerable proportion of the larvae of Pero- 
phora viridis never undergo a reversal of their pri- 
mary positive phototropism and finally settle in the 
most brightly illuminated part of an aquarium. A 
similar variability among Styela larvae might account 
for the preponderance of attached adults at high and 
low levels on the piles. 


Phallusia hygomiana Trausdet 

Van Name (1921) points out that this scientific 
name is correct for this species according to the rule 
of priority. It was proposed by Apstein and by Hart- 
meyer in 1915 that the more commonly used name 
Ascidia hygomiana be made official, but this has not 
yet been authorized by the International Zoological 
Congress. 

Phallusia is common at Beaufort and is often asso- 
ciated there with Styela. It may be readily distin- 
guished from the latter by the translucent green color 
of the tunic. Even very young specimens a few milli- 
meters in length are not easily confused with the 
young of other tun‘eates in this region. They become 
attached by one side of the body and remain for 
some time flattened against the surface upon which 
they have settled. Unlike Styela, they remain quite 
transparent for some days, the curved intestine show- 
ing clearly through tunie and mantle. Unfortunately, 
however, confusion did oceur between the young of 
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Phallusia and those of the sponge Reniera tubifera 
which began to settle at about the same time. The 
latter also appeared as minute, greenish-yellow, trans- 
parent patches on the tiles. For anyone expecting to 
find both species such confusion would be inexcusable, 
but in 1941 it did oceur and largely vitiated the set- 
ting records for both species. 

Phallusia hygomiana has been recorded from Beau- 
fort, North Carolina, to the West Indies (Van Name’ 
1921). In spring and early summer individuals from 
30 to 60 mm. in length are abundant upon piles at 
Beaufort, where they are often associated with Styela. 
They show less tendency than the latter species to 
form large clusters near low water mark and are 
rather uniformly distributed up and down the piles. 

No speemens were dissected in the spring of 1941 
so it is not known whether, as in the ease of Styela, 
sex cells were mature at that time. As shown in Table 
18, setting of larvae on experimental piles first oc- 


TABLE 18. Numbers of Phallusia hygomiana growing 
upon Pile No. 2 (15 tiles) and the Floating Plank (16 
tiles). May, 1941 to February, 1942. 





Floating Plank 


May BIE onl A kG 70 0 
June Me es 105 27 
July Se Shag eno 238 67 
MO es et 230 vc 
August | 6 ce 89 113 
Mos 528 56 112 
September 10........... 48 2 
i! AA EP 37 1 
En aes |. Si a Rae 34 1 
Se oree 25 3 
PIOWVEIIUGES Goi. oo. cs 22 3 
7) ER pete 29 no data 
DINE 8. ce 5 es 25 no data 
Mis Sik Rae 25 no data 
See Ve ee 28 no data 
enrustry (820052... 25 no data 





curred between May 10 and May 25, reached a climax 
in early June, and then fell off rapidly. Setting con- 
tinued at a low rate throughout the summer and fall 
until November. Here again, as in the case of Styela, 
there was an inexplicable difference in the time of 
maximum setting on vertical piles and on the Floating 
Plank. On the latter the heaviest set occurred in the 
first week of August. 

Table 18 indicates the numbers of Phallusia grow- 
ing upon Pile No. 2 at different times. From July to 
November setting did not keep pace with deaths so 
that total numbers gradually declined. So far‘as has 
been observed Phallusia does not establish itself upon 
the stems of hydroids or bryozoans, so the sloughing 
of these is a minor eause of its decrease in numbers. 
It appears that the principal loss is by death and de- 
cay in situ, as already described for Styela. 

Onee established, Phallusia grows rapidly, as shown 
by the following measurements of a typieal indi- 
vidual: June 9, 4 mm.; June 23, 25 mm.; July 9, 35 
mm.; July 29, 40 mm.; August 12, 50 mm. Some 
individuals had already attained the maximum length 
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of 60 mm. as early as July 10 and were probably 
sexually mature, although this point was not deter- 
mined. It is probable that they were, however, since 
in November specimens that measured only 30 mm. in 
length were found to contain eggs and motile sperm. 


Molgula manhattensis (De Kay) 


Molgula manhattensis is smaller than either of the 
preceding species (maximum diameter about 25 mm.) 
and is readily distinguished from them by its some- 
what globular shape. It ranges from New Brunswick 
to Louisiana and “from Cape Cod to North Carolina 
it is the commonest of the larger simple ascidians” 
(Van Name 1921). At Beaufort Molgula is probably 
little less abundant on the piles than Styela in winter, 
but in mid-summer it is difficult to find a single speei- 
men. 

During March and April of 1941 Molgula was more 
abundant on the piles than Phallusia. Like Styela, 
large specimens opened at this season were found to 
contain motile sperm and apparently ripe eggs, but 
no setting oceurred upon experimental piles before 
May 10. As already stated, the young of Molgula 
were at first confused with those of Styela and Perc- 
phora, so that much of the early setting data are 
worthless. However, on tiles that were continuously 
submerged young Molgula up to 15 mm. in diameter 
(and therefore easily recognized) became “abundant” 
between May 10 and June 10. Most of them were 
attached to Tubularia or Bugula stems rather than to 
the pile itself. 

After June 10 a very rapid decline set in. Of 37 
specimens then present on the Floating Plank, for 
example, 11 remained on June 23, 2 on July 9, none 
on July 29. Of the “abundant” Molgula on Pile No. 
2 on June 10 none remained a month later. A similar 
decline occurred on piles of piers and bridges, where 
prolonged collecting on July 3 produced only two 
specimens. 

Sloughing of Tubularia colonies, to which so many 
of the young Molgula became attached, undoubtedly 
accounted in large measure for the disappearance of 
this species from the piles in late June, but it cannot 
have been wholly responsible. No dead Molgula were 
observed at any time and the cause of their disap- 
pearance is yet to be discovered. 

That a few individuals survived the general decima- 
tion and continued to reproduce is indicated by the 
collection of occasional immature specimens through- 
out the summer. On the Floating Plank, for example, 
a single individual was found on August 26, another 
on September 27, six on October 12, and two on 
November 8. None of these survived longer than two 
weeks or exceeded 15 mm. in diameter. Dr. C. G. 
Bookhout and members of his elass collected six speci- 
mens from piles of the railroad bridge on August 28. 
Numbers began to increase slowly in September, and 
throughout the winter every collecting trip to the piles 
yielded a few specimens. By the following spring 
Molgula was once more abundant upon the piles. 

Molgula, Styela, and Phallusia exhibit striking sim- 
iarities in their seasons of abundance and periods of 
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breeding at Beaufort. All three are abundant in the 
spring, but do not breed successfully, although their 
germ cells are apparently mature. A short breeding 
period in May and June is followed by a sudden and 
extreme reduction in numbers. There is little or no 
successful reproduction during the rest of the sum- 
mer, but in late fall and winter months numbers again 
increase gradually. 

The fact that sexually mature individuals of Mol- 
gula and Styela ean be found for many weeks before 
and after the brief spawning period in May and June 
raises an interesting question. Possibly fertilization 
of eggs and development to the larval stage do not 
occur readily at these seasons. On the other hand, 
the fact that Styela larvae were obtained by artificial 
fertilization in August suggests that larvae may be 
developed but fail to attach themselves and metamor- 
phose. 

Grave (1935) has shown that at least two separate 
factors are involved in the induction of metamorphosis 
of ascidian larvae. One of these is a metabolic prod- 
uct produced during periods of active swimming, which 
periods are in turn dependent upon the incidence of 
certain environmental stimuli. The second or “sus- 
ceptibility factor” is presumed to be a special secre- 
tion produced at a certain stage of larval develop- 
ment. Both substances must be present if metamor- 
phosis is to oceur, and delayed production or the 
absence of either results in delay or absence of met- 
amorphosis. Working with Perophora larvae, Grave 
& MeCosh (1923) found that 84 percent metamor- 
phosed within twelve hours of liberation (average 
period five hours). The other 16 percent, however, 
continued for forty-eight hours without metamor- 
phosis and then developed various structural ab- 
normalities and died. Grave (1935) found that suc- 
cessive broods of larvae from the same ascidian colony 
may show extreme variability in the duration of the 
larval periods and that the average duration may be 
much longer at one season of the year than at another. 


These findings do not provide an answer to the 
question at hand, but they do show that metamor- 
phosis of ascidian larvae is a delicate process, one 
easily thrown off its normal course and given to ap- 
parently spontaneous vagaries. Edmondson & In- 
gram (1939) found that at Hawaii fouling of surfaces 
by barnacles is considerably reduced in winter months 
in spite of the fact that adults contain abundant 
nauplii in winter. They concluded that “less fouling 
by barnacles during these months is probably due to 
unfavorable conditions for metamorphosis and _at- 
tachment.” It seems not unlikely that an analogous 
situation exists among the tunieates at Beaufort, that 
environmental conditions are unsuited to the metamor- 
phosis of Styela and Molgula larvae for some weeks 
before and after the brief setting period in May and 
June. Whether development to the larval stage does 
in fact oceur at these times, and if so just what the 
conditions are that inhibit further development, are 
questions that invite thorough investigation. The fact 
that two periods of abundant setting occur, one in 
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summer and the other in winter, seems to show that 
temperature is not the principal controlling factor. 
Perophora viridis Verrill 

Perophora viridis is a compound ascidian that 
ranges from southern New England to Puerto Rico. 
“The small ovoid bodies of the zodids of this species, 
which measure from 2.5 to 3.5 mm. in greatest diam- 
eter (length), are borne on the tips of the branches of 
a slender stolon which grows like a vine over shells, 
algae, other ascidians, or other submerged objects in 
shallow water. The zodids have a thin, transparent 
covering of test; their tissues are usually transparent 
and colorless, except for some yellowish or greenish 
pigment contained in branching vessels in the mantle” 
(Van Name 1921). 

Unlike the species so far considered, Perophora is 
active only in the summer at Beaufort. In winter it 
is represented by the merest traces of a bright yellow- 
green material that may be found here and there, 
tucked away at the base of other ascidians, or among 
the tangled stolons of Tubularia. In April growth is 
renewed and on thie 27th of that month small colonies 
were found at many places on the piles, spreading out 
over surrounding growths of other species. Sexual 
reproduction began in the first week of June, con- 
tinued with great vigor through that and the follow- 
ing month, and gradually declined in August. No 
larvae settled upon experimental tiles after August 
21. The spawning period is evidently much shorter 
than this at Woods Hole, for during the investigations 
of Grave & MeCosh (1923) in that region Perophora 
larvae were liberated only between August 2 and 
August 10. 

Since vegetative reproduction also occurs very 
rapidly, Perophora becomes extremely abundant on 
the piles in July and August, clinging to the stems of 
hydroids and inerusting every available surface. In 
September and October great quantities are lost with 
the sloughing of Pennaria and apparently little new 
growth occurs. Active zodids were observed for the 
last time on November 8. After that date only rem- 
nants of old stolons were found. 

Grave & MeCosh (1923) found that about 60 per- 
cent of the Perophora larvae observed by them re- 
mained positively phototropie throughout the free- 
swimming period, finally settling in the most brightly 
illuminated part of an aquarium. Only about 31 per- 
cent developed the negative response to light char- 
acteristic of the later stages of most ascidian larvae 
and settled in the darkest part of the aquarium. 
These authors raised the question whether one of these 
two types of larvae succeeds in selecting a habitat 
more favorable for adult development. It may be said 
that at Beaufort Perophora colonies appear to flourish 
equally well in shaded or in brightly illuminated loca- 
tions, 

Didemnum lutarium Van Name 

This compound ascidian “may have some claim to 
validity as a subspecies” of Didemnum candidum 
Savigny. The latter ranges on the American coast 
from New Hampshire to Brazil “and is in many parts 
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of the West Indian region the commonest of the 
littoral and shallow-water ascidians.” The subspecies 
lutarium is common on the New England coast, but 
“on the coasts of the southern states it appears to 
grade into the typical form” (Van Name 1921). 

This is a compound ascidian, the glistening, white, 
inerusting colonies of which are not uncommon upon 
piles in the Beaufort region. In 1941 young colonies — 
were first observed upon experimental tiles on July 2. 
They increased in number gradually until mid- 
August, when nine colonies were counted on Pile No. 
7, seven on Pile No. 2. They then decreased again 
gradually; only one colony survived into the following 
winter. It was observed that most of the colonies de- 
veloped in the crevices on the backs of tiles, and that 
these survived longer than others that developed upon 
exposed surfaces. 


THE Gravity Box 

Hopkins (1935, 1937) observed that spat of the 
Olympia oyster, Ostrea lurida, are commonly found 
upon the under sides of submerged objects. In order 
to determine the cause of this characteristic distribu- 
tion he submerged sets of glass plates horizontally, 
vertically, and at an angle of 45° with the vertical 
and compared the numbers of spat that settled upon 
them. “In the analysis of the results the different 
angles are referred to as follows: 0°, under horizon- 
tal; 180°, upper horizontal; 45°, under, 135°, upper, 
surface of the 45° panes; and 90°, vertical.” After 
being in the water for 24.5 hours the plates were re- 
moved and the spat upon them counted. The average 
number of spat per 2,400 square inches of surface at 
each angle was as follows: 0°, 1,195; 45°, 181; 90°, 
11; 135°, 3; 180°, 1. When the plates were submerged 
during hours of darkness only, and when black- 
painted plates were used, surfaces at the various 
angles showed the same relative effectiveness as col- 
leetors of spat. Hopkins suggests that “the effect of 
angle of surface on the number of spat caught is 
purely mechanical and not due to any definitely bio- 
logical reactions of the larvae.” He attributes the 
greater settlement of spat on the under surface of 
horizontal plates to the fact that oyster larvae com- 
monly swim with the velum, and the foot, by which 
attachment is effected, uppermost. “It is most likely 
that the swimming larva, as it comes into contact with 
a surface from below, is able to hold on with the 
foot, while on coming down upon a surface it is the 
hinge portion of the shell that touches.” 

Pomerat & Reiner (1942) employed a technique 
similar to that of Hopkins to study the angle of sur- 
face preferred by a number of different species of 
organisms. Sand-blasted plates of clear window glass 
were arranged at the various angles mentioned above 
and fixed two feet from the bottom of Santa Rosa 
Sound, near Pensacola, Florida. One series of plates 
was submerged for fifteen days; the plates were then 
removed and counts were made of seven groups of 
organisms which had settled upon them. These were 
Balanus eburneus, two species of incrusting bryozoans, 
Bugula neritina, bivalve molluses (“chiefly oysters”), 
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Hydroides sp., and a sponge. Other series of plates 
were examined after 23 days and 37 days. In all 
cases the results were essentially similar: “Character- 
istically, the position designated as 0° (under surface 
of plates in the horizontal position) and 45° sup- 
ported the largest number of individuals of all types 
with the exception of the ivory barnacle, Balanus 
eburneus,” and there was a gradual falling off in the 
numbers of sedentary organisms as the angle of sur- 
face was increased to 180° (upper horizontal sur- 
face). Further tests of the reactions of Balanus ebur- 
neus were made by the use of black and opal as ‘well 
as clear glass plates, by periods of submergence vary- 
ing from six hours to seven days, and by submersion 
during hours of darkness only. In almost all eases, 
populations of this species were rather evenly dis- 
tributed over plates held at the various angles. 

The Gravity Box constructed by the writer (see 
page 328) was designed to eliminate any possible 
effects of the photie factor. The box was four feet 
long and open at both ends. Glass collecting plates 
were fixed at various angles at the center of the box, 
where all of them were exposed to equal illumination 
by light that entered the box horizontally through 
the open ends. The device was submerged on May 31, 
1941, and the plates were removed and examined, then 
cleaned off and replaced, at intervals of one to three 
weeks (average interval 13 days) until August 27. A 
summary of the results is presented in Table 19. In 

TABLE 19. Numbers of organisms that settled on plates 


at various angles in the Gravity Box; May 31 to August 
27, 1941. 
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general, organisms accumulated less rapidly on plates 
in the Gravity Box than on similar plates attached 
to piles and surrounded by open water, and as only 
one 6 by 8 inch plate was provided at each angle the 
total number of organisms observed was not very 
large. A number of oyster spat appeared on the 
plates, but Anomia simplex was also present, and un- 
fortunately these two species were not at first counted 
separately. Accordingly, the figures are not included 
in Table 19. Several other species also appeared on 
the plates, but in insignificant numbers. 

The decrease in numbers of Balanus eburneus with 
increasing angle of the plates stands in marked econ- 
trast to the distribution of this species found by 
Pomerat & Reiner at Pensacola. The question arises 
whether this difference resulted from a different in- 
nate reaction of Balanus larvae in the two localities, 
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or whether some difference in environmental factors 
was responsible. A complicating condition in these 
experiments is the fact that sediment accumulates 
more thickly on 135° and 180° plates than on the 
others. It would appear that the greater density of 
two-week-old populations on 0° and 45° plates may 
be determined by one or more of three separate fac- 
tors, as follows: (a) Larvae of B. eburneus may, like 
those of Ostrea, accumulate most rapidly on 0° and 
45° plates because of their orientation while swim- 
ming, or, more probably, because of a negative geo- 
tropism; (b) eyprids may find it difficult to attach 
themselves: through the layer of sediment that ac- 
cumulates on 135° and 180° plates; (c) many larvae 
that do attach to these plates may be subsequently 
smothered by sediment. That factors (b) and (¢) may 
be important is indicated by an experiment per- 
formed by Pomerat & Reiner in which plates at var- 
ious angles were examined at intervals of 6, 12, 18, 
and 24 hours. At 0° the increase in numbers of 
Balanus larvae was regular with time, but on the 180° 
plate there were actually fewer larvae at 12 than at 
6 hours, and after 24 hours there were about half as 
many present on the 180° as on the 0° plate. Since 
in all their other experiments B. eburneus was about 
equally abundant on 0° and 180° plates, the possibil- 
ity suggests itself that this particular experiment was 
performed during a brief period of unusually heavy 
sedimentation, such as might oceur after the passage 
of a large ship or a sudden rainfall, but the authors 
do not state whether this was the ease. The effect of 
sediment upon young barnacles may be expected to 
vary with the amount of suspended matter in the 
water, the rate at which water flows over the plates, 
and, perhaps, the quality of the sediment. At Beau- 
fort the 180° plate was commonly covered with a 
layer of fine mud and sand to a thickness of an eighth 
of an inch or more after two weeks’ exposure, and 
the 135° plate was also covered, though less thickly. 
Beaufort harbor water is constantly stirred up by 
passing ships, and currents are not sufficiently swift 
to keep these plates scoured clean. Pomerat & Reiner 
write of washing their plates “to remove excess silt 
and salt” before drying them, but they do not indicate 
the amount or quality of such silt. Hopkins (1939), 
however, in an account of the Pensacola laboratory, 
mentions that “the sea water is almost always very 
clear. Only rarely do the small rivers of the region 
empty enough muddy water into Pensacola Bay to dis- 
turb this portion of Santa Rosa Sound.” It seems 
quite possible that the distribution of Balanus ebur- 
neus which is shown in Table 19 was largely determined 
by different amounts of sedimentation on different 
plates and that the almost uniform distribution found 
by Pomerat & Reiner at Pensacola is typical of B. 
eburneus larvae that settle in relatively clean waters. 
The chief obstacle to such an interpretation is the 
fact that plates at 45° and 0° at Beaufort appeared 
to be equally free of sediment, and yet settlement was 
about twice as heavy on the latter. 

Bugula neritina, Hydroides, Phallusia, and Pero- 
phora settled at Beaufort as did a majority of the 
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species studied by Pomerat & Reiner at Pensacola, 
that is, in greatest abundance at 0° and in decreasing 
numbers as an angle of 180° was approached. This 
distribution suggests that larvae of these species may 
be negatively geotropie just prior to attachment. 
Such a conelusion should be aecepted with caution, 
however, for it is not in accordance with certain other 
observations. For example, most of the ascidian 
larvae studied by Grave (1935) proved to be neg- 
atively phototropie and positively geotropie during 
the last part of their free-swimming lives. It has been 
pointed out elsewhere in this report that larvae of 
Bugula neritina and Hydroides settle most abundantly 
near the mud line on experimental piles, apparently 
as a result of negative phototropism. This phenom- 
enon hardly suggests, although it does not exclude, the 
operation of a negative geotropism in these species. 
The cause, or causes, of the distributions observed in 
the Gravity Box must evidently await further investi- 
gations for their full elucidation. 

Distribution of the tubiculous polychaete Sabellaria 
vulgaris on plates at various angles was unique. This 
organism appeared in abundance on plates at 135° 
and 180°, but only two specimens were observed on 
the 0° (under horizontal) surface. On the upper 
horizontal surface tubes of these worms were often 
buried in a layer of silt, but this did not appear to 
interfere with their development, or with the attach- 
ment of their larvae. As previously mentioned, Sabel- 
laria is commonly found incrusting both upper and 
lower surfaces of objects lying on the bottom. It 
appears that larvae of this species are specially 
adapted to survive in the conditions of heavy sedi- 
mentation associated with such a habitat. Hydroides 
is also found upon objects on the bottom, but usually 
on their sides or under surfaces, where sedimentation 
is slight. Apparently larvae of this species are 
equipped with reactions which lead them to select such 
situations in preference to upper horizontal surfaces, 
where they might soon be smothered by sediment. 


THE CuRRENT Box 


It had been suggested to the writer, before this 
investigation was begun, that one of the factors that 
influence the growth of sessile marine invertebrates is 
the rate at which water flows over them. It seems not 
unreasonable to suppose that the growth of animals 
dwelling in a swift current will be favored by a con- 
tinuous supply of food and oxygen and the rapid 
removal of waste products of metabolism. Allee 
(1923a) pointed out that rock-dwelling species may 
be favored by the scouring action of a strong tidal 
current which prevents the accumulation of sediment, 
and that “in addition to these scouring effects of tidal 
currents, they have the well known function of oxygen 
and food earriers.” Gutsell (1930) observed that 
the growth of seallops in Bogue Sound, near Beau- 
fort, was most rapid in those portions of the sound 
which were exposed to swift tidal eurrents. Fraser 
(1912), in diseussing the distribution of Hydractinia 
echinata in New England waters, states that the larg- 
est individuals and the largest colonies of this hydroid 
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occur where currents are swiftest, while in relatively 
still waters both individuals and colonies are small. 
In some localities “with every turn of the tide a 
strong current is produced, a condition which is 
notably suitable for hydroid life, as an abundant food 
supply is assured.” Sumner, Osburn, & Cole (1911) 
state that in “Woods Hole Passage,” near Woods 
Hole, Massachusetts, currents “attain the speed of 8 
miles per hour at spring tide.” They go on to remark 
that 


such rapidly flowing currents, where the water is shallow 
and the bottom rocky, must result in a very high degree 
of oxygenation of the water. Moreover, a rapid current, 
of course, bears a more abundant food supply to those 
fixed or slow-moving organisms which depend for their 
food upon minute particles brought to them passively, or, 
as is the ease with plants, upon gases or other sub- 
stances in solution. Accordingly, we find beds of mussels 
and luxurious growths of anemonies, ascidians, hydrozoa, 
bryozoa, and algae in some of these tidal streams. On the 
other hand, tidal and other currents undoubtedly have a 
deleterious influence upon certain other organisms, which, 
through their agency, may become buried in sand or 
mud, 


Prytherch (1929) found that larvae of Ostrea vir- 
ginica settled in greatest numbers on the leeward side 
of submerged objects, where current was least. Hop- 
kins (1937), on the other hand, found that the oppo- 
site was true of larvae of the Olympia oyster, Ostrea 
lurida, for these settled more abundantly on glass 
plates that were set parallel with the current than 
upon others that were set perpendicular to it. 


For the purpose of testing the possible effects of 
different current velocities upon settlement and 
growth of sessile organisms, a piece of apparatus was 
constructed that I have for convenience referred to 
as the Current Box. This box was so designed that 
water normally flowed through each of its five cham- 
bers at a different velocity, as previously deseribed 
(see page 329). Tidal currents at the Duke University 
pier at Beaufort seldom exceed a rate of one knot, 
and usually flow much more slowly. It was, there- 
fore, not expected that the difference in the rate of 
flow through the various chambers of the Current 
Box would be large enough to cause in them much 
difference in the settlement and growth of organisms. 
Results would, no doubt, have been more striking had 
it been possible to compare the effects of currents of 
more widely varying velocities. 

The Current Box, with two glass collecting plates 
in each chamber, was submerged on April 27, 1941. 
On seven oceasions between that date and August 1 
the plates were removed and examined under a binoc- 
ular microscope. On each oceasion the number of or- 
ganisms of each species was determined, and the aver- 
age size of the ten largest individuals on each plate. 
A summary of the results is presented in Table 20. 
Determination of the size of young specimens of Hy- 
droides, Sabellaria, and Phallusia presented some dif- 
fieulty and accurate measurements of these were not 
obtained. 
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TABLE 20. Number and average size in millimeters of 
animals growing in various chambers of the Current Box. 
April 27 to August 1, 1941. In chambers numbered 1 to 
5 current was progressively less swift. 
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Considering first the numbers of individuals of each 
species that settled in different chambers, it will be 
observed that the eight species studied fall into three 
groups (a, b, and ¢ in Table 20) according to the 
manner of their distribution. Larvae of group (a), 
Bugula neritina and Balanus eburneus, evidently set- 
tled in greatest numbers in relatively still water. 
Larvae of group (b), Tubularia, Hydroides, and Sa- 
bellaria, on the contrary, settled most abundantly in 
the first two chambers, where currents were swiftest. 
Larvae of group (c), Reniera, Ostrea, and Phallusia, 
apparently favored chamber No. 3, with an interme- 
diate rate of flow. The explanation of these differ- 
ences is not apparent to the writer, but the data are 
presented in the hope that they may form the starting 
point for further research into the effects of current 
velocity. The possibility must be entertained that the 
distributions indicated in Table 20 were brought about 
not only by the selection of favored sites by free- 
swimming larvae, but in part also by the operation 
of a selective mortality rate after settlement had oc- 
eurred. However, the glass collecting plates were 
cleaned off and replaced at intervals of about two 
weeks, so it is not likely that selective mortality sub- 
sequent to attachment was the sole or principal cause 
of the observed distributions. 

If the columns of Table 20 representing average 
sizes are examined, it will be found that individuals 
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of group (a) grew most rapidly in still water, those 
of group (b) in swift-flowing water, and those of 
group (¢) in currents of intermediate velocity. In 
each case where adequate data were obtained it was 
found that growth of a given species was most vigor- 
ous in those particular chambers which were most 
favored by the larvae of that species. It may be 
true that hydroids (e.g., Tubularia) grow best in 
fast-flowing water because of the rich supply of food 
and oxygen thus provided, but it is evidently not safe 
to generalize from the particular instance of hydroids 
to sessile invertebrates in general. Possibly there is a 
different optimum rate of flow for the growth of each 
species, and it appears that larvae of each species 
actively select a site for attachment that is most 
favorable to them in this respect. 


THe Ligut Box 


One of the aims of the present investigation was to 
determine the nature of the environmental factors 
that influence the settlement and growth of pile-dwell- 
ing organisms. The Light Box (see page 329) was 
designed to test the effect of varying degrees of illu- 
mination in isolation from other factors. The six 
chambers into which this box was divided differed 
from each other only in the size of the glass-covered 
apertures through which light was permitted to enter 
them. The two 6 by 8 inch sand-blasted glass plates 
in each chamber were examined, cleaned, and replaced 
at an average interval of 21 days between May 10 and 
August 29, 1941. A summary of the results of these 
examinations is presented in Table 21. The principal 


TABLE 21. Numbers of organisms counted in different 
chambers of the Light Box between May 10 and August 
29, 1941. Chambers numbered 1 to 6 were progressively 
less brightly illuminated. 
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difficulty encountered in the conduct of this exper- 
iment was fouling of the glass cover of the box; out- 
side by accumulations of silt and inside by attachment 
of various organisms. No doubt the differences of 
distribution to be seen in Table 21 would have been 
far more pronouneed had it been possible to keep the 
glass clean at all times. It must also be considered 
that window glass does not permit the passage of 
ultra-violet light, and that the apparently injurious 
effect of sunlight on some organisms (e.g. Tubularia) 
may be chiefly caused by its ultra-violet component. 
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Examination of Table 21 will show that larvae of 
all the species there listed showed some tendency to 
settle most abundantly in the less brightly illuminated 
chambers (Nos. 5 and 6), with the exception of the 
sponge, Reniera, larvae of which settled in about 
equal numbers in all chambers, and the Peleeypoda. 
The column headed “Peleeypoda” includes counts of 
Ostrea virginica and Anomia simplex, two species 
which were not at first counted separately. Prytherch 
(1934) and Hopkins (1937) both coneluded that 
larvae of Ostrea are not photosensitive. 

As previously stated, Bugula neritina grew most 
rapidly in brightly lighted chambers. The average 
measurement for colonies that grew in the three 
brighter chambers was 51.3 mm. while for those in 
the three dimmer chambers it was 41.2 mm. It has 
been remarked also that the orientation of barnacles 
and of Bugula colonies in chamber No. 6, which was 
illuminated only from below, was the reverse of that 
in other chambers which were illuminated most 
brightly from above. Hydroides hexagonus also 
showed evidence of being oriented to light, for a ma- 
jority of the tubes of these worms were arranged with 
their openings directed toward the souree of brightest 
illumination in each chamber. It appears that diree- 
tion and intensity of illumination are important fae- 
tors in the settlement, orientation, and growth of 
many pile-dwelling organisms. 


SEASONAL PROGRESSION ON THE PILES 


An attempt will now be made to summarize some 
of the data presented on previous pages as far as 
they concern the seasonal abundance of pile-dwelling 
animals, and to. draw attention to some of the inter- 
relationships of these animals. It will be recalled that 
Pile No. 2, with its twenty-one tiles, was submerged 
from February 23, 1941, to February 14, 1942, and 
was examined at two-week intervals throughout that 
time. The sequence of events that occurred among 
the animals attached to this pile probably paralleled 
fairly closely the sequence upon undisturbed piles of 
the Duke University pier. The large motile species, 
however, such as blennies, sea-urchins, and crabs, 
usually dropped off when the pile was drawn up for 
examination and this periodic elimination of pred- 
ators doubtless had some effect upon the sessile 
species. 

Examination of undisturbed pier piles in February 
and early March showed the following species to be 
present in greatest abundance. In the intertidal 
region, Ostrea, Balanus eburneus and Chthamalus, 
and Urosalpinx in considerable numbers among the 
oysters. In the subtidal region Tubularia was abun- 
dant, the hydrocauli much inerusted with stalked dia- 
toms, protozoans, and filamentous algae, the polyps 
small and most of them bearing minute, unripe gono- 
somes. Bugula neritina was extremely abundant. A 
few fronds bore ovicells. Of the ascidians, Styela and 
Molgula were abundant, Phallusia somewhat less so. 
Great numbers of the amphipod Caprella aequilibra 
were associated with most Tubularia colonies. 
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Between February 23 and March 24 the subtidal 
tiles of Pile No. 2 accumulated an average of 10.6 
barnacles (Balanus eburneus) each. Filamentous 
algae coated the tiles from extreme low tide mark to a 
point some three feet below it. About the middle of 
April, small colonies of Tubularia began to appear on 
all tiles below low tide mark, and throughout that 
and the following month colonies of this species be- 
came steadily larger and more abundant until they 
could fairly be said to dominate the habitat. The 
crowded stems of this hydroid, and the tangled stolons, 
interrupted the flow of water and caused a precipita- 
tion of sediment upon the tiles. Many young bar- 
nacles, and colonies of Schizoporella and Bugula, 
which had previously become established were smoth- 
ered, and new arrivals were, for the most part, unable 
to effect attachment to the tiles through the layer of 
mud. When ascidians, Styela and Molgula, began to 
spawn in May their larvae attached themselves in 
great numbers to Tubularia colonies, and were accord- 
ingly lost when the latter were sloughed off in June. 
Quantities of Bugula neritina, and even a few bar- 
nacles, suffered a similar fate. 

The massive growth of Tubularia, however, formed 
a favorable habitat for a number of motile animals. 
Polychaetes, principally Nereis limbata and Amphi- 
trite ornata, made tubes in the accumulated sediment. 
A tubiculous amphipod, Unciola irrorata, appeared in 
great numbers and found abundant material for the 
construction of its open-ended tunnels. Caprella 
aequilibra and amphipods of several other species in- 
vaded the colonies in great numbers for food and 
shelter. They were joined in May by nudibranchs of 
several kinds, which wound their long egg strings 
among the hydroeauli. To what extent Caprella and 
the nudibranchs actually feed upon the hydroids, as 
Coe & Allen (1937) suggest, is uncertain. The writer 
has observed that they do so to some extent, but most 
of their food appears to consist of the diatoms and 
sessile protozoans which grow in such profusion on 
hydroid stems. Caprella is itself preyed upon to some 
extent by Tubularia. During May also a large purple 
pyenogonid, Anoplodactylus, invaded the piles and 
sucked the juices of hydroids. Most of these crept up 

the pile from below, but others were seen swimming 
from one pile to another, their long legs awkwardly 
waving. Several other species reached the pile from 
below and gradually made their way upward. Of the 
molluses, Anachis avara, Urosalpinx cinereus, and 
Mitrella lunata were abundant. A variety of erabs 
arrived in this way, including Neopanope texana sayi 
Libinia dubia, Pilumnus sayi, Pelia mutica, and 
Menippe mercenaria, and two species of echinoderms, 
Arbacia punctulata and Ophiothrix angulata. Other 
members of the community apparently arrived by 
swimming from neighboring piles. Such were the 
isopod Sphaeroma quadridentata, various amphipods, 
and shrimps of the genera Palaemonaetes, Hippolys- 
mata, and Crangon. Only one species of fish, the 
blenny Hypleurochilus geminatus, made its home 
among the pile-dwellers and laid its eggs on the piles, 
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but a number of species made frequent visits there 
for food. 

In general, then, it may be said that Tubularia 
dominates the pile community at Beaufort in April 
and May. Many sessile species are prevented by it 
from attaching themselves securely, or are smothered 
before they can reach maturity. A great variety of 
motile species, on the other hand, find among the 
Tubularia colonies food, shelter, and conditions suit- 
able for breeding. Some of them, such as amphipods, 
shrimps, and nudibranchs, are detritus feeders or 
browse upon microscopic plants and animals. The 
larger species, such as crabs and fishes, prey upon 
the smaller, and to some extent upon the hydroids and 
other sessile animals. 

During June conditions apparently became un- 
favorable for Tubularia. Hydranths were shed in 
great numbers and were not rapidly replaced. The 
protoplasm retreated into hydroeauli and _ stolons. 
Whole colonies sloughed off and left relatively clean 
surfaces for the attachment of other sessile organisms. 
These surfaces were kept relatively free of sediment 
by the uninterrupted flow of water. With the disap- 
pearance of Tubularia, many of the motile animals 
also decreased in abundance. Probably some of them, 
notably the nudibranchs, were adversely affected by 
the same factor (probably higher water temperatures) 
which caused the disappearance of Tubularia, but 
others apparently moved away when the food and 
shelter associated with an abundant growth of hy- 
droids were withdrawn. 

In the areas laid bare by the sloughing of Tubularia 
colonies other sessile organisms established themselves, 
notably Styela, Phallusia, and Perophora, Bugula, 
Schizoporella, and Hydroides. Ostrea spawned heavily 
at the end of June, but as previously remarked, only 
the spat which settled above low tide mark or on 
backs of tiles managed to survive. Spat were much 
less numerous on tiles of Pile No. 2 than on clean tiles 
located nearby. In June and July larvae of Balanus 
eburneus and Chthamalus fragilis settled in vast num- 
bers, but here also it was observed that far greater 
numbers became attached to recently submerged tiles 
than to those of Pile No. 2, which were already fouled 
by a variety of organisms. Even in the intertidal zone 
a seum formed of filamentous algae, diatoms, and 
sediment prevented the attachment of barnacles in 
any great abundance. 

Toward the end of June small colonies of the 
hydroid Pennaria tiarella began to appear upon the 
tiles. Gradually they increased in size and number 
until mid-August, when this species dominated the 
pile-dwelling community much as Tubularia had done 
in May. The associated species were not entirely the 
same, but similar relationships were to be observed. 
The shelter afforded by Pennaria was augmented by 
luxuriant growths of Bugula neritina, Perophora 
viridis, Eudendrium carneum, and the sponge, Reniera 
tubifera. Sediment once more accumulated at the base 
of these growths and gave shelter to polychaete worms 
and turbellarians. Amphipods and nudibranchs of 


species not observed earlier in the summer browsed 
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upon the epizooie plants and protozoans. Molluses, 
deeapod crustaceans, and blennies increased in abun- 
dance. This association reached its peak of develop- 
ment about the first of October. By October 25 Pen- 
naria was dying back and sloughing from the piles in 
great quantities. It carried with it large amounts of 
Bugula, Perophora, Reniera, and other living organ- 
isms, and the ealeareous remains of barnacles, oysters, 
Schizoporella, and Hydroides which had previously 
been overgrown and smothered. However, the tiles 
and piles were by no means denuded at this time. 
Much Bugula remained and continued to grow. Eu- 
dendrium, which had gradually become abundant dur- 
ing autumn months, remained healthy and active until 
the end of December. Moreover, as Pennaria disap- 
peared with falling water temperature, Tubularia be- 
eame active once more. On October 25 extensive, but 
low-growing, colonies of Tubularia were present upon 
most tiles of Pile No. 2, where they had grown up from 
stolons which had lain dormant through the summer. 
During November, December, and January Tubularia 
was in breeding condition and larvae settled on the 
tiles in greater abundance than they had done in April 
and May. In these months Caprella, Uneiola, and 
other amphipods became very abundant once more 
and nudibranchs oceurred upon the hydroids in great 
numbers. During January and February the ascidians 
Styela and Molgula attached themselves to the hydro- 
cauli in abundance. A species of barnacle, Balanus 
improvisus, had a breeding period that extended from 
early December to the middle of February. On a set 
of tiles that were submerged clean on November 21, 
and were freed of Tubularia once every two weeks, 
these barnacles had accumulated to the extent of 106 
per tile by Janvary 18. On Pile No. 2, however, 
Balanus improvisus was not observed upon any of the 
tiles, though a few individuals were found on the pile 
itself, where it had been inadvertently scraped clean 
during examination. This was another striking ex- 
ample of competition for space among pile-dwelling 
animals. 

How nearly the series of events described is re- 
peated year after year is not known and could only 
be discovered by an investigation that extended over 
several years. Climatically, 1941 seems to have been a 
fairly normal year at Beaufort. Water temperatures 
were perhaps a little lower than usual in spring and 
winter, and rainfall was unusually light during sum- 
mer and fall. The experience of Coe & Allen (1937) 
with fouling organisms on the Pacific coast demon- 
strates the need for extreme caution in basing prediec- 
tions on the results of short-term investigations. These 
workers state that “a comparison of the organisms 
which were found on the blocks and plates through a 
series of [nine] years shows a noticeable uniformity 
in the species represented at each season of the year 
but there is a wide divergence in their relative abun- 
dance.” In the summer of 1933, for example, they 
found an unprecedented abundance of the colonial 
amphipod, Erichthonius, and the masses of mud tubes 
built by these animals hindered the settlement and 
growth of other sessile species. Similar departures 
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from the usual annual sequence of events among pile- 
dwelling animals may have oceurred at Beaufort dur- 
ing 1941. Conelusions as to the “normal” seasonal 
eycles of the species studied must await the results of 
future investigations. 


DISCUSSION 


SEASONAL ACTIVITIES 


There is probably no species of pile-dwelling or- 
ganism at Beaufort that does not exhibit a marked 
seasonal variation in abundanee, but such fluctuations 
are more marked in some species than in others. 
Among an:mals which are to be found in considerable 
abundance at all seasons are the barnacles, Balanus 
eburneus, Balanus amphitrite, and Chthamalus fra- 
gilis ; the bryozoans, Bugula neritina and Schizoporella 
unicornis; the sponges, Reniera tubifera, Microciona 
prolifera, and Lissodendoryx carolinensis; the worm, 
Hydroides hexagonus; the molluses, Modiolus dem- 
issus, Ostrea virginica, Urosalpinx cinereus, and An- 
achis avora; and the ascidians, Styela plicata and 
Phallusia hygomiana. For each of these there is a 
season, usually in the warmer months, when growth 
and reproduction are vigorous and the population 
reaches a peak. In general, there is a high mortality 
among young individuals, yet so many are produced 
that large numbers become established and many suc- 
ceed in surviving through less favorable seasons to the 
following year. Some species mature so rapidly that 
two or more generations may be produced in one sea- 
son and it is probable that few or no individuals sur- 
vive more than one year. Such is probably the case 
with bryozoans and ascidians. Others, such as Ostrea, 
and perhaps the other molluses, mature more slowly, 
do not usually breed in the same season in which they 
are spawned, and survive for two or more years. 
Most species of barnacles appear to combine the ad- 
vantages of long life and rapid maturation, for Ba- 
lanus eburneus may spawn at two months of age 
(Grave 1933) and Balanus balanoides may live for 
six years or longer (Moore 1934). 

Many species of pile-dwellers at Beaufort fluctuate 
in numbers so greatly that at some seasons of the 
year they are hardly to be found, while in favorable 
periods they are extremely abundant. Among solitary 
species may be mentioned Balanus improvisus which 
becomes abundant in winter months, and Molgula 
manhattensis, which is abundant in spring and early 
summer. In each of these species it appears that a 
relatively few individuals are able to survive unfavor- 
able periods and to re-establish large populations by 
vigorous sexual reproduction on the reeurrence of 
suitable conditions. Among colonial species, such as 
Perophora viridis, Tubularia crocea, and the other 
hydroids, it is probable that no single individual sur- 
vives the unfavorable periods. Living protoplasm sur- 
vives, however, in a dormant state, within old stolons 
and hydrocauli, and from this material large popula- 
tions ean be rapidly re-established by vegetative and 
sexual reproduction when the unfavorable season is 
past. 
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Pile-dwelling organisms at Beaufort are concerned 
also in the fouling of ships in that region and it is 
hoped that a knowledge of their breeding periods may 
be of assistance to investigators of the fouling prob- 
lem. A glance at Figure 19 will show that there is no 


Month Mar. Apr: May June July Aug. Sept. Oct. Nov. Dec. Jan. Feb. 

Mean Temp.C._ 8° 15° 19.5 25° 28° 27° 26" 22° 15° "7° 55 
Bolanus eburneus 
B. amphitrite 








B. improvisus 
Chthamalus fragilis 
Bugula neritina 
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B. avicularia 


Anguinella polmata 


Schizoporella unicomis 





Reniera tubifera 
Microciona prolifera 
Sabellaria vulgaris 
Hydroides hexagonus 
Modiolus demissus 
Ostrea virginica 
Styela_plicata 
Perophora viridis 
Molgula manhattensis 
Phallusia hygomiana 


Tubularia crocea 
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Eudendrium carneum| 


Pennaria tiarella 
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Fie. 19. Breeding periods and approximate relative 
abundance of larvae at different times of some pile- 
dwelling animals at Beaufort, N. C. Mareh, 1941 to 
February, 1942. In cases where insufficient quantitative 
data were obtained breeding periods are indicated by 
straight lines only. 


season of the year when some degree of fouling may 
not be expected, but the amount and kind of fouling 
will depend very largely on the season. During the 
first four months of the year ships’ bottoms may be 
expected to accumulate barnacles of two species and 
Styela and Tubularia, in considerable quantities. 
Tubularia will probably form the principal bulk of 
the incrustation in April and May. In May and June 
all but five of the twenty-one species studied are in 
reproductive condition and the greatest amount of 
fouling may be expected in June and July. Even in 
October there are still fifteen species in reproductive 
condition, but the actual numbers of larvae are much 
smaller in most eases, and during the remainder of the 
year Tubularia is the only species that might ac- 
cumulate in large quantities. 


It has been shown that certain rhythmie activities 
of some animals are inherent rather than responses to 
seasonal environmental rhythms with which they may 
coincide (Pearse 1939). It is probable, however, that 
among pile-dwelling organisms, most of which are 
short-lived, seasonal fluctuations in vegetative and 
reproductive activity are, for the most part, cor- 
related with seasonal variations in temperature, light, 
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or other physical factors, or with fluctuations in the 
abundance of food organisms or enemies which are 
themselves affected by such factors. To pick out for 
each species of organism those vartieular environ- 
mental changes which are responsivile for its seasonal 
fluctuations in vegetative and reproductive activity is 
a difficult problem. The first step toward its solution 
must be to discover the nature and extent of these 
fluctuations themselves, and it is chiefly in this field 
that the writer hopes to have made some small econtri- 
bution. The second step must be to record the changes 
which occur in the environment, physical and biolog- 
ical, of each species, and to try to determine which 
of these are correlated with the fluctuations that are 
to be explained. Probably the aetivities of every 
species fluctuate in response to a whole complex of 
environmental factors, but it may be hoped that one 
or a few factors may be discovered which are of 
predominant importance in any given instance. 

In temperate climates seasonal changes in temper- 
ature are undoubtedly at the root of the eyelie ac- 
tivities of many species of animals. “Temperature, 
directly and indirectly, is an important factor in sea- 
sonal cycles. The maxima in numbers of certain 
species are closely associated with high or low tem- 
peratures. The rate of metabolism and behavior are 
often influenced by temperature. Perhaps no other 
factor so manifestly sets off such a variety of sea- 
sonal activities or states as does rising or falling 
temperature” (Pearse 1939). Variations in temper- 
ature are generally less rapid and less extreme in the 
sea than on land, but the activities of many marine 
animals are undoubtedly affected thereby. In general, 
metabolic activity, like other chemical processes, is 
slowed at low temperatures. In lamellibranch mol- 
luses, and doubtless in many other ciliary feeders, the 
activity of the cilia upon which feeding depends 
almost ceases at 0° C. and “up to a limiting temper- 
ature (in certain instances in the neighborhood of 
30° C.) the ciliary activity and rate of siphoning in- 
creases with the temperature” (Gutsell 1930). In 
many eases where growth rates of marine inverte- 
brates have been studied it has been found that these 
are slower in the cooler months of the year. For 
many marine invertebrates there appears to be a 
minimum temperature below which spawning does not 
occur (Loosanoff 1937; Nelson 1928; Orton 1920). 
Orton (1920) concluded that most marine inverte- 
brates continue to breed so long as the water tem- 
perature remains above a certain level, which is a 
physiological constant for each species, and that 
breeding periods are, accordingly, likely to be more 
prolonged in southern than in northern latitudes. 
Johnson & Miller (1935) coneluded that the limits for 
effective breeding of the ship worm Bankia setacea in 
Puget Sound are water temperatures of 7° C. and 
12° C. and that “as long as the temperature of the 
water is either above or below these limits no attack 
of destructive intensity is to be expected.” Temper- 
ature conditions may indirectly affect the activities 
and abundance of one species by controlling the num- 
bers of some other organism upon which it feeds. 
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Thus Coe & Allen (1937) found that a searecity of 
phytoplankton that resulted from unusually high win- 
ter temperatures was correlated with a decrease in 
numbers of barnacles, oysters, and other plankton 
feeders. 

With these various possible effects of temperature 
in mind it may be possible to explain some of the 
fluctuations observed among pile-dwelling organisms 
at Beaufort. Species like Perophora viridis, Fuden- 
drium carneum, and Pennaria tiarella, for example, 
are apparently able to grow and reproduce only dur- 
ing the warmer months. When temperature falls at 
the end of summer, both growth and reproduction 
gradually come to a stop. The cessation of these ac- 
tivities, however, would not in itself account for the 
almost complete disappearance of these organisms 
from the piles. Certainly large numbers of them are 
consumed by molluses, erustaceans, and other pred- 
ators, and others are lost by the sloughing of whole 
colonies from the piles, but it seems most probable 
that the low temperature itself is detrimental to these 
organisms and eauses the death of vegetatively active 
individuals. If this is so, it must be supposed that the 
protoplasm which remains dormant in the relatively 
few remnants of stolons and hydroeauli is particularly 
resistant to low temperatures. A few of the species 
observed at Beaufort, namely, Tubularia crocea, Mol- 
gula manhattensis, and Balanus improvisus, were 
most abundant and active in winter and almost disap- 
peared in the warmer months. Tubularia is the only 
one of the three which could be described, from the 
available evidence, as a typically northern species, 
and yet the activities of all three are apparently in- 
hibited by the high summer temperatures at Beaufort. 
It appears that a relatively few individuals survive 
until the water again cools off in the fall. 

As may be seen from Figure 19, breeding periods 
of most of the pile-dwelling animals observed at Beau- 
fort oceurred between May and October, while the 
water temperature was at or over 20° C. It seems 
likely that, although other factors may in part de- 
termine the commencement, abundance, and duration 
of spawning, a temperature of 20° C. or over is pre- 
requisite to breeding in these species. Two species, 
Balanus eburneus and Bugula neritina, were in breed- 
ing condition during nine months of the year. The 
prolonged breeding period of Bugula is surprising in 
view of the fact that Beaufort is at or near the north- 
ern limit of its range. If the geographical range and 
the growth and breeding activities of this species are 
limited by temperature, one would expect it to be 
active at Beaufort for a brief period in mid-summer 
only. Consideration has been given to the spawning 
of the ascidians Styela plicata and Molgula manhat- 


_ tensis and the unexpected absence of larvae of these 


species from experimental tiles during mid-summer. 
It seems likely that either high water temperature, or 
some factor correlated therewith, was responsible for 
the failure of larvae to attach themselves and meta- 
morphose at that time. 

No less than ten of the twelve species for which 
quantitative setting data were obtained had breeding 
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seasons with two periods of abundant setting sep- 
arated by an interval during which their larvae were 
relatively searece (Fig. 19). In some eases setting 
was most abundant in the first period (B. eburneus, 
Chthamalus, Sehizoporella), in others it was more 
abundant in the seeond (Sabellaria, Ostrea, Euden- 
drium). In one instance, that of Tubularia, the two 
breeding periods oceurred in spring and fall and were 
probably limited by high temperatures in summer and 
low temperatures in late winter months. In other 
species, except for the tunicates previously mentioned, 
and perhaps Schizoporella, there was no apparent 
connection between temperature changes and the 
double nature of the breeding period and it is possible 
that the latter was not the result of any particular 
environmental change. In species which mature 
rapidly the second period of abundant setting may 
have resulted from the maturation and breeding of 
individuals which had themselves been spawned dur- 
ing the first period. On the other hand, it may be 
that adults which had more or less exhausted them- 
selves during the first period recovered after a short 
interval and spawned again to produce a second crop 
of larvae. Or the second period of abundant setting 
may have resulted from the combined operation of 
these two factors. 

Other factors than temperature vary with the sea- 
sons at Beaufort and may affect the activities of pile- 
dwelling organisms. Salinity of the water is generally 
somewhat higher in summer than at other seasons 
(Gutsell 1930) as a result of less rainfall and greater 
evaporation. Pearse (1936) has shown that marine 
invertebrates at Beaufort vary considerably in their 
ability to survive in water of low salinity. Gutsell 
(1930) found that a salinity of less than 20 parts per 
mille is injurious to seallops. Worley (1930) con- 
eluded that the size and abundance of three species of 
Pacifie coast barnacles are “greatly influenced by 
some factor which our observations indicate to be 
salinity.” It seems likely that the sudden and extreme 
reductions of salinity that occur occasionally at Beau- 
fort may have a destructive effect on some of the pile- 
dwelling animals, but the present investigation has 
not provided any evidence on this point. 

Seasonal variations in temperature are accompanied 
and caused by variations in the amount of solar 
radiation that reaches a given region of the earth’s 
surface, and it is probable that many animals are 
affected by this radiation directly. “Light, given di- 
rect access to protoplasm, generally causes injury... . 
It inhibits the growth of plants and animals, and they 
are adapted so as to be protected from it by the 
shielding of growing regions, the formation of. pig- 
ment, ete.” (Pearse 1939). The three species of hy- 
droids that were studied at Beaufort were all found 
to grow in greatest abundance on shaded surfaces, 
apparently as a result of the inability of young indi- 
viduals to grow well in strong sunlight. Established 
colonies, however, were not appreciably affected by it. 
Some evidence has been presented that young bar- 
nacles are adversely affected by strong sunlight and 
are more likely to survive in shaded localities. The 
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larvae of many sessile organisms react negatively to 
light just before they become attached and the greater 
fouling of shaded and dark-colored surfaces is prob- 
ably chiefly due to this fact. It has been shown that 
various barnacles, Bugula neritina, and Hydroides 
hexagonus orient themselves to light in various ways, 
though it is not apparent that such orientation is of 
any particular advantage to these organisms. In gen-- 
eral, light controls to some extent the distribution 
and orientation of many sessile animals, but their sea- 
sonal fluctuations are probably affected less by vari- 
ations in the amount of solar radiation itself than by 
the correlated changes in water temperature. 


Biotic RELATIONS 


The biotie relations of pile-dwelling organisms are 
numerous and complex. Sessile species appear to de- 
pend for their food chiefly upon particulate matter 
suspended in the water. At Beaufort the supply of 
this material is so abundant and constantly renewed 
that no sessile animal is likely to starve, provided only 
that it be favorably situated. Competition for space 
among sedentary organisms, however, is intense and 
continuous, as has already been indicated. So many 
barnacle larvae, for example, may settle on a small 
area of clean surface that only a fraction of one per- 
cent of their number will ultimately find space to grow 
to full size. Inerusting bryozoans, such as Schizo- 
porella, spread over and smother barnacles and other 
low-growing species in their vicinity. Colonial hy- 
droids, sponges, and ascidians often form densely 
matted tangles which accumulate quantities of sedi- 
ment and effectively smother barnacles, oysters, bryo- 
zoans, and other species less luxuriant than themselves. 
When, as frequently happens, a surface is laid bare 
by sloughing away of the organisms that grew upon 
it, it is rapidly oceupied by larvae of several species 
and the struggle is renewed. In general, colonial 
species seem to be most successful in the struggle for 
living space because of their greater powers of vegeta- 
tive reproduction. It has already been suggested that 
oysters and some barnacles may be largely eliminated 
by such competitors at low levels on the piles, so that 
ultimately populations of these animals, which are able 
to tolerate periods of exposure to the air, are greatest 
in the intertidal region, where they are relatively free 
from competition. 

Aggregations of sessile organisms attract to them- 
selves a large number and variety of motile species. 
Some of these, like the larger fishes, make only oc- 
casional visits to the piles for food. The crested 
blenny lays its eggs upon the piles and seems loath 
to venture far from sheltering hydroids, where it 
feeds. Snails and nudibranchs, erabs, sea-urehins, 
pyenogonids, and brittle stars, creep up the piles from 
below, or arrive as swimming larvae to make their 
homes. Annelids and tubiculous amphipods find a 
suitable habitat in the inevitable accumulations of 
sediment. Isopods, amphipods, shrimps, and flat- 
worms find the food and shelter they require. In this 
way a submerged surface may acquire a large and 
varied population of complexly interrelated animals 
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within a few weeks. Since the sessile species are pre- 
requisite to the establishment of the motile animals, to 
which they afford shelter, and to some extent food, 
the community thus established may properly be 
termed an association. One might classify the more 
luxuriant species of sessile animals, such as hydroids 
and sponges, as dominants, sub-dominants, influents, 
ete., according to the extent of their influence upon 
the environment, but it is doubtful whether it would 
be profitable to do so since the composition of these 
communities varies so greatly from season to season. 

As the writer’s investigation covered a period of 
only one year it is not possible to say with certainty 
whether succession occurs in the pile-dwelling com- 
munity at Beaufort, but probably it does not. Shel- 
ford (1930) gives four eriteria of succession as fol- 
lows: “(1) Are any of the earlier animals essential 
to the seating of the later ones? (2) What plants and 
animals if any are seasonal and drop off entirely 
each year with a period in whch they are absent? 
(3) Is the second year’s aspection like the first? If 
not, succession may be indicated. (4) Do forms drop 
out as the development of the community progresses ?” 
Since most of the pile-dwelling species are rather 
short-lived and all show a wide seasonal variation in 
abundance, it is probable that a closely similar se- 
quence of events is repeated each year with relatively 
little progressive change from one year to another. 
The pile-dwelling community appears to resemble 
that of intertidal rock surfaces, of which Shelford re- 
marks that “there is development, but probably little 
or no succession .. . and the clue to the understanding 
of the communities lies in their aspection (changes 
from season to season) and in annuation (changes 
from year to year).” 


VERTICAL ZONATION 

Vertical zonation is one of the striking features of 
littoral faunas and has attracted the attention of many 
workers. Some species of animals occur predomi- 
nantly at particular levels, where they appear to find 
optimum living conditions, and since a majority of 
them have pelagic larval stages it is a problem how 
the adults come to be distributed in particu!ar zones. 
There appear to be three methods by which zonation 
may be brought about: (a) Larvae may settle over a 
wide vertical range, but those which do not chance 
upon a suitable location are subsequently killed off; 
(b) larvae, at the time when they are ready to settle, 
may be concentrated at a particular level ‘in the 
water; (¢c) in the ease of species with a motile adult 
stage individuals may enter and be confined to the 
optimum zone by characteristic reactions which pre- 
vent them from crossing its borders into unfavorable 
regions. The features of the environment which are 
to be considered as favorable or unfavorab!e may be 
either physical or biotic and are probably different 
for each species. Colman (1934) believes that the 
zonation of sessile organisms, particularly barnacles 
and algae, is brought about by the first of the three 
methods. He says: “Spores of algae and larvae of 
barn: cles are free in the sea, and are apparently away 
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from any influence that could affect their subsequent 
zonation when settled between tide marks. The as- 
sumption is made, then, that the larvae and spores, 
given a suitable substratum, settle in a manner en- 
tirely at random in respect of tidal levels... . If a 
spore or larva settles within the environment which 
will suit it as an adult, it may survive. If it settles 
outside this range, it will sooner or later die without 
maturing.” Flattely & Walton (1922), on the other 
hand, believe that pelagic larvae are stratified because 
of their various tropistie responses to light. “The 
difference in the degree of sensitiveness to light de- 
termines why, for instance, a form like Arbacia pustu- 
losa finds its final habitat among the rocks in a few 
feet of water, while Echinus microtuberculatus is led 
toward the deeper water and its typical habitat among 
the ‘meadows’ of Posidonia.” Prytherch (1934) dis- 
covered that the setting of oyster spat in certain 
zones is correlated with a higher copper content of 
the water in these zones. Visscher & Luce (1928) 
found a marked diurnal vertical migration of barnacle 
larvae at Beaufort. During the day, when, accord:ng 
to the writer’s experience, most setting occurs, eyprids 
were found in greatest abundance at a depth of eight 
feet and on flood tides. As to the third method by 
which zonation may be brought about, Gowanloch & 
Hayes (1926) have shown that snails of the genus 
Littorina may be confined to a particular zone by the 
operation of tropisms. “Prolonged desiccation leads 
to a marked decrease in negative geotropism, while 
prolonged immersion induces inereased negative geo- 
tropism. The combined effect of these reactions is to 
make it difficult for each species to get away from its 
normal habitat” (Colman 1934). 

Zonation of animals upon the piles at Beaufort is 
apparently brought about in a variety of ways. 
Among motile species, the oyster drill, Urosalpinx, is 
most abundant in the intertidal zone of permanent 
piles, where it is associated with oysters. On piles 
which had been immersed for one or two weeks only, 
however, these snails were limited to the lower por- 
tion, where they had evidently arrived by climbing up 
from the bottom. In general, the longer the pile had 
been immersed the higher the snails had crawled, and 
it seems that perhaps either a negative geotropism or 
a positive phototropism led them eventually to aceu- 
mulate in the intertidal region, among the oysters 
upon which they feed. Other gastropods, crabs, sea- 
urchins, and a pyenogonid arrived in the same way, 
but were stopped in their upward migration at the 
level where they were liable to exposure to the air at 
low tide. They eventually became fairly evenly dis- 
tr:buted over the subtidal port:on of the pile. A crab, 
Sesarma cinerea, and an isopod, Lygida exotica, on 
the other hand, invaded the intertidal region from 
above and seldom entered the water. 

Among sessile species, hydroids provide an example 
of zonation by elimination of unfavorably situated 
individuals. The pelagic larvae of Tubularia and 
Pennaria, and perhaps those of Eudendrium, appear 
to be rather evenly distributed in the water around 
the piles, for they settle in about equal numbers at 
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all levels. Individuals which settle at flood tide in the 
intertidal region are subsequently killed by exposure 
to air, although if they settle in the lower part of this 
region during a period of neap tides they may survive 
until the following period of spring tides, when they 
are killed. Individuals which settle within about 
eighteen inches of the mud line are likely to be in- 
hibited or killed, apparently by some substance that 
diffuses from the mud. Between these upper and 
lower limits the hydroids find suitable living condi- 
tions. 

Larvae of all sessile species other than hydroids for 
which adequate setting records were obtained settled 
most abundantly in certain zones. In one group of 
species these zones corresponded approximately with 
the level at which adults of each species were also 
most abundant. In the other group, the zone of most 
abundant setting did not correspond with the zone 
most favorable for adults. Of the first group the 
barnacle Chthamalus fragilis is a good example. Adult 
Chthamalus are confined to the intertidal region and 
predominate in its upper levels. Cyprids were ob- 
served to settle in the intertidal region exclusively, 
apparently as a result of the fact that they congregate 
in the surface layer before setting. Another barnacle, 
Balanus amphitrite, is most abundant in the region 
about low tide mark and on experimental piles 
eyprids of this species attached themselves predomi- 
nantly at this level. A mussel, Modiolus demissus, 
showed a similar correspondence between the levels 
of greatest setting and densest adult population. 
Larvae of two species, Hydroides hexagonus and 
Schizoporella unicornis, settled at all levels, but most 
abundantly near the bottom. Adults were abundant 
at all levels below low tide mark, but predominated 
near the bottom, where they had jess competition from 
hydroids. It has been shown that negative photo- 
tropism is probably a factor in the distribution of the 
larvae of these two species. 

In three species of barnacles that were studied the 
zone of greatest settlement of larvae corresponded 
roughly, but not exactly, with the zone of densest 
adult population, for as the populations aged their 
centers moved gradually upward on the piles. The 
distribution of adults evidently resulted from the com- 
bined operation of several factors. 

Of the group of species that have larvae which 
settle predominantly in a zone unfavorable for de- 
velopment, Bugula neritina is an example. Growths 
of Bugula are most abundant and healthy high up in 
the subtidal region and show a tendency to diminish 
in size and vigor toward the bottom. The vertical 
distribution of Bugula larvae, however, is quite differ- 
ent. They settle in much greater numbers near the 
bottom, where for some reason they are unable to 
grow well, and in diminishing numbers toward the 
surface. Larvae of Ostrea virginica showed a similar 
tendency to settle in large numbers near the bottoms 
of piles. Relatively few settled in the intertidal re- 
gion, yet ultimately all those below this region were 
eliminated and the final population was wholly inter- 
tidal. 





SESSILE MARINE INVERTEBRATES OF BEAUFORT, NORTH CAROLINA 
, 





369 


To summarize, vertical zonation of pile-dwelling 
animals at Beaufort is well marked and appears to be 
brought about in a variety of ways. Motile species 
move into and remain in the zones most favorable for 
them. Sessile species with pelagic larvae fall into 
three groups according to the manner in which their 
zonation is brought about, (a) species the larvae of 
which settle rather uniformly and are subsequently 
killed off at certain levels, (b) species the larvae of 
which settle most abundantly at a level which appears 
also to be the level most favorable for development, 
and (¢) species in which there is no correspondence 
between the level where larvae settle most abundantly 
and the level where large adult populations appear. 
The nature of those factors which are responsible for 
the vertical zonation of pelagic larvae remain, for the 
most part, obscure, as also the factors which limit 
growing populations of sessile organisms to particular 
levels. 


SUMMARY 


1. A method is deseribed for the collection and 
study of sessile marine invertebrates by submerging 
tiles, wooden blocks, and glass plates attached to arti- 
ficial piles, a floating plank, and other devices. The 
breeding periods, seasonal fluctuations, and vertical 
distribution of pile-dwelling animals were studied at 
Beaufort, N. C. from February 23, 1941, to February 
14, 1942. 

2. Many spec:es of animals are confined to, or are 
most abundant at, particular levels on the piles. 
Such vertical zonation may be brought about in sev- 
eral different ways: (a) Larvae may settle pre- 
dominantly at a particular level and there grow to 
maturity (Balanus amphitrite, Chthamalus fragilis, 
Modiolus demissus); (b) larvae may settle at all levels, 
but adverse influences may subsequently destroy those 
which settle above or below certain limits (hydroids, 
Ostrea, Bugula neritina); (¢) motile species tend to 
move into and remain in particular zones (Urosal- 
pinx, Arbacia). Several species were found the larvae 
of which settled most abundantly in a zone which does 
not correspond with the zone of densest adult popula- 
tion (Ostrea, Bugula neritina). Factors (a) and (b) 
may both operate to determine the final limits of 
vertical distribution of a species (Chthamalus fragilis, 
Balanus eburneus). The level at which larvae settle 
is probably influenced by their tropistie responses to 
light and gravity. 

3. Breeding periods of twenty-one species were de- 
termined by submerging clean tiles at one- or two- 
week intervals throughout the period of investigation. 
No two species had identical breeding periods. Nine- 
teen species were in breeding condition in July, Au- 
gust, or September, only five in January, February, 
or March. Two species, Balanus eburneus and Bugula 
neritina, were in breeding condition dur-ng nin? 
months of the year. It is presumed that water tem- 
perature is the most important factor that influcnees 
breeding periods. 

4. One set of tiles was submerged continuous!y fr 
twelve months and examined bi-monthly to determine 
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the seasonal sequence of events in the pile-dwelling 
community. Tubularia may be said to dominate the 
community from October through June, Pennaria, 
Eudendrium, and Bugula from July through Septem- 
ber. Abundant growths of hydroids accumulate much 
sediment at their bases. They smother previously at- 
tached organisms, such as barnacles and oysters, and 
largely prevent the attachment of later arrivals. On 
the other hand, they provide a suitable habitat for a 
variety of motile animals, such as amphipods, poly- 
chaetes, crabs, shrimps, and nudibranchs. 

5. There is intense competition for living space 
upon the piles, both intra- and interspecific. Less 
than one percent of the barnacles which settle on a 
clean surface in June ean find space to grow to ma- 
turity. Surfaces that are fouled by algae, hydroids, 
and sediment are less favorable than clean surfaces 
for the attachment of barnacles, oysters, Hydroides, 
and other sessile organisms. Many low-growing or- 
ganisms, such as barnacles, are smothered by hydroids, 
sponges, and other spreading growths, and by the 
sediment that accumulates upon the latter. Sloughing 
of organisms from the piles oceurs at all seasons of 
the year, but is most marked in June, when great 
masses of Tubularia are sloughed off, and in Septem- 
ber, when quantities of Pennaria and its associated 
organisms are lost in the same way. Sloughing leaves 
relatively clean areas which are rapidly reoecupied by 
the same or other species. 

6. Light is important in the distribution of many 
species. Barnacles and hydroids are more abundant on 
shaded than on sunlit surfaces. Bugula neritina ap- 
pears to grow best in strong light. Vertical distribu- 
tion of the pelagic larvae of many species is probably 
determined in large part by their reactions to light. 
Larvae of barnacles, Bugula neritina, and Hydroides 
orient themselves with reference to light at the time 
of attachment. Barnacle cyprids were found to head 
toward the light on becoming attached. During meta- 
morphosis their orientation is exactly reversed, so 
that, on the piles, the carinal extremities of barnacles 
are commonly uppermost and their cirri sweep down- 
ward. No evidence was found that the orientation of 
barnacles is in any way affected by water currents. 


7. The effects of various current velocities upon the 
setting and growth of sessile organisms were studied. 
It was found that some species settled in greatest 
numbers in relatively swift currents, others in still 
water, and yet others in currents of intermediate 
velocity. There was some indication that the current 
velocity most favorable for the attachment of larvae 
of a species is also most favorable for their growth. 


8. A study was made of the settlement of organisms 
upon glass plates held at different angles. One spe- 
cies, Sabellaria vulgaris, settled most abundantly upon 
the upper surface of a horizontal plate. The five other 
species studied settled most abundantly upon the 
under surface of a horizontal plate. The relative 
abundance of barnacles upon different plates was in 
inverse relation to the amount of sediment upon these 
plates and may have been determined by this factor. 
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LIST OF SPECIES IDENTIFIED 


The commoner pile-dwelling animals of Beaufort, 
North Carolina: 
PORIFERA 
Aplysilla longispina Wilson 
Cliona cellata Grant 
Lissodendoryx carolinensis Wilson 
Microciona prolifera Verrill 
Reniera tubifera Wilson 
Stylotella heliophila Wilson 


COELENTERATA 


Astrangia danae Agassiz 
Eudendrium carneum Clarke 
Eudendrium ramosum (Linnaeus) 
Hydractinia echinata Fleming 
Leptogorgia vingulata E. & H. 
Pennaria tiarella (Ayres) 
Tubularia crocea (Agassiz) 


BrRYOZOA 


Acanthodesia tenuis (Desor) 
Alcyonidium verrilli Osburn 
Amathia brasiliensis Busk 
Anguinella palmata Yan Beneden 
Bowerbankia gracilis Leidy 
Bugula avicularia (Linnaeus) 
Bugula neritina (Linnaeus) 
Schizoporella unicornis (Johnston) 


PLATYHELMINTHES 


Eustylochus meridianalis Pearse 
Hymania prytherchi Pearse 


MOLLUSCA 
Anachis avara (Say) 
Anomia simplex D’Orbigny 
Bankia fimbriata (Jeffries) 
Eupleura caudata (Say) 
Mitrella lunata Say 
Modiolus demissus (Dillwyn) 
Modiolus modiolus (Linnaeus) 
Mytilus edulis (Linnaeus) 
Ostrea virginica Gmelin 
Pteria colymbus Bolten 
Urosalpinz cinereus (Say) 
Simnia uniplicata Sowerby 


ARTHROPODA 
Cirripedia 
Balanus amphitrite niveus Darwin 
Balanus eburneus Gould 
Balanus galeatus (Linnaeus) 
Balanus improvisus Darwin 
Chthamalus fragilis Darwin 


Isopoda 
Ligyda exotica (Roux) 
Limnoria lignorum White 
Sphaeroma quadridentata Say 


Amphipoda 
Caprella aequilibra Say 
Jassa marmorata Say 
Melita fresnelii (Audoin) 
Podocerus brasiliensis (Dana) 
Unciola irrorata Say 
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Decapoda 
Crangon heterochaelis (Say) 
Hippolysmata wurdemanni (Gibbes) 
Latreutes gibberosus (Kingsley) 
Libinia dubia Milne-Edwards 
Menippe mercenaria (Say) 
Neopanope texana sayi (Smith) 
Palaemonetes carolinus Stimpson 
Pelia mutica (Gibbes) 
Periclimenes longicaudatus (Stimpson) 
Pilumnus sayi Rathbun 
Sesarma cinerea Say 


Pyenogonida 
Anoplodactylus lentus Wilson 


ECHINODER MATA 


Arbacia punctulata (Lamarck) 
Ophiothrix angulata (Say) 
Thione briareus (Lesueur) 


TUNICATA 


Didemnum lutarium Van Name 
Molgula manhattensis (De Kay) 
Perophora viridis Verrill 
Phallusia hygomiana Trausdet 
Styela plicata (Lesueur) 


VERTEBRATA 


Hypleurochilus geminatus (Wood) 
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